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PRIMARY FACTORS IN WAREHOUSE DESIGN. 


The construction and fire protection of warehouses for cotton 
has suffered much from the apparent simplicity of the subject. The 
majority of cotton warehouses do not combine the essentials for real 
economy of construction and fire protection with advantageous in- 
surance rates largely because of inefficient planning. The design 
and construction of the cotton warehouse should be handled by a 
competent engineer having a thorough understanding of construc- 
tion, fire protection, insurance requirements and rates, together with 
some knowledge of warehouse management. 


*Definite suggestions in regard to construction of buildings and fire pro- 
tection based on desirable principles and practice are presented in this bulletin. 
Very detailed information, of interest chiefly to the designer of warehouses, 
is printed in small type as footnotes. ; 

These recommendations as to construction are in general harmony with 
- the Building Code recommended by the National Board of Fire Underwriters. 
Acknowledgment is made of valuable assistance rendered by Prof. Ira H. 
Woolson, in the preparation of this discussion. 
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The success of the cotton warehousing business is strongly influ: 
enced by the elements of cost of construction on the one hand, and 
insurance rates on the other, for these two factors determine very 
largely the returns on the investment. Primary factors determining 
warehouse design are the character and volume of the business con- 
templated, the site for the plant, and the possible arrangement of the 
buildings. 

Certain conditions vitally affect the adoption of both site and ar- 
rangement of the plant. Some of these conditions are whether cotton 
is handled primarily for producers or dealers, with the consequent 
influence on “ turn overs” and “ peak loads,” whether it is deposited 
and withdrawn in large or small lots, is generally for shipment to 
jocal or to distant points, is stored fiat or compressed, is subject to 
favorable shipping rates. It is apparent that warehouses for local 
storage, for use as a concentration or compress point, for an export 
plant, or for a cotton mill warehouse, will present separate problems - 
both from the standpoint of the actual plant and of the handling 
system and storage methods employed. The solution of these prob- 
lems is a matter of managerial policy and does not lie within the scope 
of this discussion.* 

The site for the plant should be considered with reference to trans- 
portation facilities, area available, topography of the ground, charac- 
ter of the soil, and the water supply which is available or can be pre- 
vided. Transportation connections by both water and rail are de- 
sirable, while for the plant handling cotton in large quantities for 
distant delivery, as at concentration points, such connections may be 
indispensable. The area available may limit the distribution of the 
buildings and consequently the design. The toporgaphy of the 
eround influences both arrangement and design, while the character 
of the soil sometimes affects the cost of construction with a resulting 
influence on economy of design. As a rule, no warehouse should be 
built unless it can be provided with a sufficient water supply for rea- 
sonable fire service. 

The layout of the plant, or the arrangement of the buildings, 
should be infiuenced primarily by the elements of fire hazard, con- 
venience for handling cotton, and the design of the building desired 
considered with the economical type of construction. Protection 
against fire exposure demands isolation of buildings and restriction 
in size of units. At the same time, the arrangement should be such 
as affords the greatest economy in handling the cotton, which prefer- 
ably should be moved inte the warehouse from one side and turned 


1Newton, Roy L., and Workman, J. M. Cotton Warehousing—Benefits of an 
‘Adequate System. In Yearbook of the U. 8. Department of Agriculture, 1918. 
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out from the opposite side. The design of buildings with reference 
to size and proportion of compartments, story height, and number 
of stories should be based upon all of the foregoing facts considered 
in conjunction with the relative cost of various types of construction 
and the resulting rate of insurance. 


SOME TYPICAL WAREHOUSE PLANTS. 


The selection of the type of construction and design of the 
buildings used is a matter for the decision of the management, as it 
is not possible to state that any one type of construction and design 
is best regardless of the conditions to be met. 

A single-story warehouse of semi-slow-burning construction—that 
is having a heavy timber roof, hight frame exterior walls, and 
brick division fire walls—is shown in Plate I. This plant is well 
removed from exterior fire hazards so that the construction used 
is safe and economical. It is used for storing cotton for large 
producers and the uncompressed bales are tiered five high during 
the time deposits are heaviest. A story height of 16 feet is used 
and the building has five compartments with a combined capacity 
of 5,000 bales of uncompressed cotton. 

A large export plant, also of semi-slow-burning construction, is 
shown in Plate II. Here the buildings are 100 feet wide and are 
cut into compartments by division fire walls spaced at intervals 
of 50, 75 or 100 feet. The buildings are arranged in pairs with 
receiving or delivery courts 100 feet wide between, to provide the 
“necessary isolation and give space for operations of firemen if need 
arise. Plate III, figure 1 shows a court used for receiving cotton 
from cars; there is also shown the depressed tracks and the hose 
houses. In alternate courts the central area is paved and the tracks 
are omitted. Here the cotton leaving the warehouse for the com- 
press or for shipment by water is handied on low flat trucks drawn 
by electric storage battery tractors. 

In this plant reliance for protection in case of fire is placed in 
the system of yard hydrants, a complete automatic sprinkler system 
with ample sources of water supply, and an adequate watchman 
Service. 

Plants in which the buildings present exposures to each other, 
or plants subjected to dangerous exterior exposures (including a 
passing locomotive) should not depend entirely on fire-protective 
equipment, but should offer in themselves a strong resistance to 
fire. It must be remembered that congested handling of cotton in 
courts between warehouses causes such buildings to present a hazard 
to each other that may be very serious. An inexpensive method of 
securing protection from such exposures is to use masonry for the 
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‘exposed walls and frame construction for the walls not exposed. 
In the case of a number of parallel buildings with courts between 
only one exterior side wall of each entire building may be masonry. 
Such an arrangement is good but is not nearly so satisfactory as 
when ail wails are masonry. 

Slow-burning construction is illustrated by the photograph of a 
warehouse of three-story design in Plate IT, figure 2. This build- 
ing has floors and roof of timbers and heavy planking, exterior 
and division walls of brick, with tin-clad fire doors throughout. 
The platform is of reinforced concrete which requires practically 
no repairs and does not communicate fire. In this building the 
story height is only 84 feet and cotton is stored one bale high on 
end. Such buildings should not exceed three stories in height un- 
less there are floors of reinforced concrete to serve as fire breaks. 
The type of exterior door used in this building is shown by Plate 
XIII, figure 2. 

A similar building, well suited to conditions which demand con- 
centration or where the area is limited, is shown in Plate IV, figure 1. 
For buildings of this design it is best that all floors be fire-resistive. 
The fire-resistive floor has the advantage of limiting the amount 
of cotton subject.to a single fire and, what is more important, it 
serves as a tie to the walls and prevents their subjection to such 
severe and prolonged heat as to cause their failure from expansion. 
For such buildings the automatic sprinkler equipment is practically 
essential, while the installation of stand-pipes with hose equipment 
on each platform is of great importance. A view of such a stand- 
pipe and hose equipment is shown in Plate XXXII. It usually 
is not necessary to have platforms on both sides of the building, 
but if platforms are omitted on one side, doors of sufficient number 
and size should be provided on that side to permit of cotton being 
thrown out and, more important, to admit of ready access by 
firemen. These features of construction are illustrated by Plate IV, 
figure 2. In this view the minimum number of doors advisable 
is shown. If any floors in the building are fire resistive, or if the 
exterior exposure is hazardous, doors should be covered with tin 
as described for fire doors under “ Fire-resistive construction,” or 
should be otherwise equivalent to fire doors. The iron ladder gives 
ready access to the decors. 

Fire-resistive construction for the warehouse does not involve 
any radical departure in design from the slow-burning construction 
described.. The difference is that all floors and roof are of fire- 
resistive material, such as reinforced' concrete, and that openings 
are fully protected! as required by their location and exposure. 
The construction of the floors and other features are discussed 
under “ Fire-resistive construction.” An interior view of such a 
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building showing the arrangement of the automatic sprinkler heads 
and method of storing is shown in Plate XVI, figure 1, and the 
exterior of such a building is shown in Plate XVII, figure 1. 


COTTON HANDLING EQUIPMENT. 


Inasmuch as the design of building adopted is related to the 
handling equipment employed, this equipment should be provided 
for at the time of construction. 

For the majority of warehouses the two-wheel truck is in general 
use. These may be had constructed entirely of steel. 

Large plants are using the electric storage battery truck or tractor 
and trailers to a considerable extent. The latter arrangement is 
quite satisfactory for cotton handling. A photograph of such a 
tractor and a train of cars loaded with cotton is shown in Plate V. 
The low trailer cars are easily loaded without lifting the cotton. 
They are arranged to follow the tractor accurately, so that a train 
of several cars is carried readily through doors and around corners. 
These tractors may be operated inside the storage compartment 
without danger of fire. There are several makes of tractors on the 
market, some being driven and steered by all four wheels, others 
being driven by two wheels and steered by two, while still another 


type has but three wheels, using two as drivers and one as a steering 
wheel, Batteries are charged at night and operated all day. 


Several large warehouses use an overhead trolley system such 
as is shown in Plate VI. While this system is developed well for 
these particular plants, it is not recommended for the average ware- 
house. 

in the warehouse of several stories elevating equipment usually 


is needed in addition to trucks. Two-story warehouses occasionally 


can be arranged so that cotton is received on the level of the upper 
floor, 4 feet above the driveway or railway siding. The bales 
may then be trucked down an inclined platform or sent down a 
sliding chute, such as is shown at about the center of the platform 
of the warehouse illustrated in Plate III, figure 2. In such case 
it 1s necessary to provide a railway siding depressed sufficiently 


to bring the car floor to the platform level. Unfortunately, such 


arrangements seldom can be made economically. There are but 
few conditions which justify the labor of trucking up an incline. 
so that elevating equipment usually must be provided. 

A development of the incline for elevating cotton placed on the 


two-wheel truck is shown in Plates VII, figure 1, and Plate VIII. 


This consists of an incline, preferably of reinforced concrete, con- 
taining a slot in which travels an endless sprocket chain having 
bracket or hook links at intervals. These hooks engage the axle 
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of the truck and pull it up the incline, the truckman holding the 
handles as shown. The endless chain is driven by an electric motor 
or other power. The truck is generally brought down an incline 
which is similar except that the sprocket chain is omitted and the 
slope is less steep. 

The electric hoist is valuable in a warehouse im which eee is 
handled rapidly. An illustration of this equipment is shown in 
Plate VII, figure 2. The machinery is protected in the little house 
shown on the steel frame. Two motors supply both vertical and 
lateral movement to the steel hooks carrying the bale. This equip- 
ment can be housed under the warehouse roof and controlled from 
any floor by a cable at the doors. This hoist will handle readily 
100 bales an hour from the first to the third or fourth floor, a little 
more time being required to deliver to higher floors. -However, sev- 
eral men are required for the operation of the hoist, as there must 
be one man to operate the machine, one on the lower floor to hook 
the bale, and one on the upper floor to release the bale, besides those 
assigned to trucking the cotton to and from the hoist. The hoisting ' 
apparatus may be used also for lowering cotton, although better and 
more economical results are secured from the use of a bale chute. 

The ordinary spiral package chute of sufficient size supplies the 
best means for lowering cotton. Views of this form of chute are 
shown in Plate IX, figures 1 and 2. The installation shown is ar- 
ranged so that the bales are delivered to the bottom floor already 
headed up and ready for the truck. A straight chute can be con- 
structed of skids, 3 inches wide, and shod with heavy strap iron. 
The chute may pass through a number of floors and, by the use of 
trap doors, bales may be delivered from any floor to any other floor 
below. A bale chute and an electric hoist are shown in the ware- 
house in Plate ITI, figure 2 

Where the conditions do not demand rapid elevation of the cotton 
or where available labor is limited the regular platform elevator 
is the best hoisting equipment. Such elevators may be operated by 
a belted mechanical connection, by electric motor, or by direct steam 
connection. The elevator also may be used for transfer of electric 
trucks or loaded trailers from one level to another. The arrange- 
ment of the building for an elevator used for cotton bales is shown 
in Plate X. A somewhat different arrangement is desirable if elec- 
tric trailers are to be handled on the elevator. 

In addition to these forms of handling equipment the slatted 
belt conveyor arranged on an incline and with spiked slats for en- 
gaging the bales of cotton is used to some extent. 

For piling cotton the machine in most general use is a small 
portable elevator such as shown in Plate XI. The movable plat- 
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form is equipped with a series of rollers so that the bale, when ele- 
vated to the top of the pile, may be pulled off easily. Another good 


type of this machine is arranged to revolve upon the castored truck 
base, which gives great convenience in moving and setting. The 
machines are constructed for operation by hand and by electricity. 
The hand machines are necessarily rather slow in operation when 
elevating a bale of cotton, but the electric machines make possible 
very rapid piling. When they are equipped with a properly en- 
closed motor, the machine affords practically no fire hazard, pro- 
vided the wiring and all connections are properly designed and 
installed. The cable extending to the machine should be inclosed 
in a flexible metal conduit and all socket connections should be 
located on the ceiling. By using a cable with a length equai to the 
combined height of the story and of the machine and by connecting 
the cable to the top of the elevator it is possible to move the machine 


~within a circle of considerable area without the cable coming in 


contact with the floor. In cases where the cable is allowed to lie on 
the floor and is not inclosed there is introduced a serious fire hazard 
because of the probable damage to the cable from trucks passing 
over it. 

Scales in general use for weighing cotton are the crdinary beam 
scale, the portable platform beam scale, and the dial scale, which 
may be stationary or arranged on castors so that it can be moved 
from one to another of a series of very shallow pits. This movable 
dial scale is well adapted to weighing the bale of cotton while on 
the truck for the platform is large and a “tare beam” is provided 
for deducting automatically the weight of the truck. A view of 
such a scale in use is shown in Plate XII. Since this method of 
weighing requires that trucks be of a uniform weight, those made of 
steel are particularly desirable. The illustration shows portable 
inclines on each side of the scale. This arrangement is excellent 
where the shallow pits can not be provided readily. Such scales are 
coming into more general use and are beginning to displace the beam 
seale, which for a long time has been considered standard equipment 
for the cotton warehouse. 


THE WAREHOUSE PLANT AND BUILDINGS. 


Local conditions influence the layout of the warehouse to such an 
extent that the arrangement of buildings should be decided upon 
after consideration ot these factors and with the approval of the 
insurance rating bureau having supervision of the particular terri- 
tory involved.* : 


*Nixon, Robert L. Cotton Warehouse Construction. U. S. Department of 
Agriculture, Bulletin 277, 1915. 
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Fundamental requirements for the arrangements of buildings not 
only demand that they be isolated as much as possible from adjacent 
property hazards, but that the several buildings should be arranged 
in such manner as to minimize the exposure, or fire hazard, that 
they present to each other. This is so important that it should be 
the first consideration in the design of the plant. Among exterior 
fire hazards a passing locomotive should not be overlooked. 

The buildings necessary for a complete warehouse plant vary 
according to the nature of the business conducted. In addition to 
the warehouse storage compartments there may be the compress 
compartment, sheds for receiving and delivering cotton, boiler 
house, pump house, hose or hydrant houses, office and classing 
rooms (which may provide a file room for cotton samples), and a 
watchman’s room. Each of these buildings presents definite re- 
quirements for construction and fire protection. 

The design of the warehouse buildings should be selected with 
a view to the cost of construction, maintenance and operation on 
the one hand, and resulting fire hazard and insurance rates on the 
other. The most important item from both standpoints is the size 
and proportions of the compartments. After the capacity of the 
compartment is determined, itS proportions must be considered in 
adopting a particular type of construction. The design of the 
building as regards the number of stories is usually determined by 
local conditions, but, all things considered, the single story ware- 
house is to be preferred in the majority of cases, if cotton can be 
piled with reasonable convenience. If cotton is not piled, the build- 
ing of several stories is more economical and conventent. 

The warehouse building should be divided into compartments 
in order to reduce as far as is economically practical the amount 
of cotton which may be subjected to a single fire. A compartment 
may be considered as that portion of the building which is cut 
off from all other parts of the building by fire-resistive division 
walls, or such walls and fire-resistive floors so combined that a fire. 
will not be communicated readily from one of these sections to 
another. This reduction of single areas and protection of each 
against the other is a principle of the greatest importance in cotton 
warehousing. 


THE COMPARTMENT. 


The size of the compartment should be such as to limit the cotton 
which may be stored therein to an amount of reasonable value. 
Tt usually is conceded as desirable that the size of the compartment 
should not permit the storage of more than 600 bales of cotton, while 
in few cases should the number of bales exceed 1,000. This view of 
the capacity of the storage compartment conforms to the usual in- 
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Fic. |.—VIEW OF RECEIVING COURT WITH DEPRESSED TRACK AND PAVED 
RUNWAYS. 


Cotton is handled from the cars and into and out of the warehouse both by the ordinary two-whecl 
: hand truck and by electric tractors. 


FIG. 2—AN EXCELLENT WAREHOUSE OF SLOW-BURNING CONSTRUCTION WITH 
PLATFORM OF REINFORCED CONCRETE AND DOooRS TIN COVERED. 


Note the electric hoist at the left and bale chute and stair combined at the center. 


Bul. 801, U. S. Dept. of Agriculture. PLATE IV. 


Fig. |.—A WAREHOUSE _OF FIRE-RESISTIVE OR SLOW-BURNING CONSTRUCTION 
"3 WITH PLATFORMS. 


FIG. 2.—A WAREHOUSE WITH Doors IN REAR WALL FOR USE OF FIREMEN, AND 
WITH IRON LADDER EXTENDING TO DOORS AND ROOF. 
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Fic. |.—SPIRAL CHUTE FOR LOWERING BALES OF COTTON. 


Note the fire shutter which is arranged to drop automatically in case of fire. In addition to this pre- 
caution chutes should be inclosed by fire walls. 


FIG. 2.—THE SPIRAL CHUTE DELIVERS THE BALES AT THE FIRST FLOOR EITHER 
“HHEADED UP”’ OR IN THE POSITION SHOWN WHICH MAKES LOADING EASY FOR 
THE TRUCKMAN. 


PLATE X. 
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AN EXCELLENT ARRANGEMENT OF ELEVATOR TOWER ON THE EXTERIOR OF THE 


WAREHOUSE. 
Note the neat iron stairs connecting platforms. 
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THE PORTABLE ELEVATOR, OR PILING MACHINE, MAY BE OPERATED BY HAND 
OR BY ELECTRICITY. 


It is very useful in warehouses where cotton is piled, 
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surance standard of volume having a preferred limitation of 72,000 
cubic feet, with progressive penalties in rates of insurance when this 
volume is exceeded. The limitation of volume is probably the 
fairest method of limiting capacity in bales.’ 

The area and proportions of the compartment should depend upon 
still other factors, such as economy of cotton handling, cost of con- 
struction, adaptation to withstand fire and to permit effective use of 
water from sprinklers, hose streams and hand appliances, and ade- 
quate daylight diffusion. 

The most economical method of handling cotton is that of stor- 
ing the bales one high on end, but for a plant having a large bulk 
of its business concentrated in a few months of the year this system 
requires an investment in buildings and site disproportionate to the 
capacity. It is economical to provide a story height that will permit 
of tiering the bales of cotton two high on end, or the equivalent, 
during the rush season, although the deposits remaining for a large 
part of the year would probably not require the practice of tiering. 
This latter system is especially suitable for warehouses used as de- 
positories for producers, or for those whose business necessitates a 
severe peak load of storage. However, the practice of storing 
single bales on end in a low-story height compartment is very de-. 
sirable in such plants as maintain storage fairly distributed over the 
year, or where there are frequent “turnover,” or changes, in the 
bales stored. This arrangement is adapted particularly to the ware- 
house of several stories in height. 

The influence of cost of construction of the compartment is readily 
appreciated when it is recalled that the floor and roof of the single 
story compartment usually cost the same regardless of the exact 
height of the story. Furthermore, the cost of the walls is but 
shghtly more for a story height of 13 feet (which permits tiering 
two bales high on end or the equivalent) than for a story height 
of 84 feet, as a large proportion of the wall cost is in the part of 
the wall below the floor and above the roof, the cost of these parts 
being the same in either case. Moreover, where the sprinkler system 
is used, the cost per bale capacity is practically cut in half where 
the story height permits two tiers of bales on end, or the equivalent 


*In computing the volume of a compartment the floor area should be con- 
sidered as extending to the outer side of exterior walls and between centers 
of division fire walls, while the height should be taken as the average distance 
from the first floor to under side of the roof plank or slab measured midway 
between the high and low parts of the compartment, but not including such 
additional volume as may be inclosed by skylights. In the case of a fire-resis- 
tive floor serving as a fire-break between compartments, the vertical dimen- 
sion should be the distance from the first floor to such fire-resistive floor, or 
the distance between successive fire-resistive floors. 
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Fic. 1.—A good design for a warehouse of slow-burning or fire-resistive construction. 
The size of compartments shown is desirable for nearly al! conditions. 
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of this with other methods of storage. Again there must be con- 
sidered the cost of platform, shed, and yard hydrant piping, 
as. well as the land area, all of which unduly increase the cost per 
bale capacity where the plant is too much expanded or scattered. 

Generally speaking, 100 feet may be considered the hest length 
(between exterior walls) for the warehouse compartment. The 
height of the compartment, while limited by the floor area as re- 
gards allowable volume, should be such as to give a minimum of 
18 inches between the surface of the cotton and the under side of 
overhead beams. Where the sprinkler system is installed, the story 
height should permit the placing of the spray head at least 18 
and preterably 36 inches above the cotton as well as a suitable 
distance (as later specified) from the ceiling. : 

Jt is desirable that the compartment be sufficiently light to allow 
for reading the tag numbers on the bales of cotton. This is one 
strong influence in favor of the single story compartment, as sky- 
lights can be used to gocd advantage. Where there are a number 
of stories, compartments not lighted from above should not exceed 
100 feet in length unless lighted by electricity. 

The above principles are applied in the accompanying plans. 
Figure 1 shows’ single story compartments 50 feet by 100 feet in 
size having a story height of 13 feet, this being a proportion well 
suited to any type of construction. Compartments suitable for 
fire-resistive construction are shown in figures 2 and 3 having story 
heights of 84 feet and 13 feet respectively. A rather unusual pro- 
portion for the compartment, and one which may be justified only 
by extraordinary limitations of the site, is shown in figure 4. It 
is worthy of note that this building may be constructed free of 
columns, with compartments 30 feet wide by 170 feet long. In 
the case of two-story compartments, which may be applied advan- 
tageously to slow-burning construction, the entire volume between fire 
walls should be considered as a single compartment from the stand- 
point of fire hazard. The total volume for two stories is slightly 
in excess of the preferred standards where floors are 50 feet by 
100 feet with a story height of 84 feet, though this particular ar- 
rangement involves but a slight penalty from insurance rates, and, 
where sprinklered, there is less hazard than in a single story com- 
partment where the bales are tiered. 

Where funds for the investment are limited, it often may be desi- 
rable to build compartments of such area as al give a volume two, 
three, or even four times the preferred limit of 72,000 cubic feet. ia 
such case it may be well to construct the compartment with a di- 
mension of 100 feet between exterior walls and space division fire 
walls at such distances that additional walls can be built in later at 


tte Wie 
Oh, Prey bare, is Bo sal aa septs it el |i 
IRM Valve Pos set COLON Una TN OME Lect ness eter UR. Beda te 


NLU Sid 
=| 


NOILOSS 


Cees) 
=I 


i peel Lay 
A901 py 


an et 
Le 


uhoonngindy 


od HOR 
i] beovinahng ELI NI 


Whoa 


aE Nes dP eB 


Tos 


128983— 


a? PLATFORMS SHOULD BE PROVIDED USUALLY rOR EACH FLOOR EVEN WHERE PLATFORMS ARE NOT USED THERE SHOULD BE AT LEAST 
c= ONE DOOR FOR EACH COMPARTMENT 
ae 
Faia) a iE J 
Ht a 4 e = e ° ° 
e j= e e e 
(2) 
Le: fe} 
3 3 
Uv 
" e a = ei e e . a2 
= f im I] F ia] 
=, ul a { 4g 
= x 
iui 
oO # 4 
I i: z e ieee e e ° o 
e | 
5 yi : 
= FS 2 2 
uv 3 Zz 
a e e e e 
iz fe Ei Bs 18 com aE 0-140: 5 
fk Ea lo ij a . ALES Nee D 
> is 3 skylights SE Stylights— 2 
F i= ul Ls Ld im iS 
Ho e ° ° e a 
z ; B 
~ 
g Hy i a 
P 3 o 
| |e G e e e 
Hl ed 
z 2 
3 ie 
2 ° e e e 
2. 
3 A 
at ges Hf 
Tp 2 | = To ° 5 
" | i 40'0- A0' 0 7 PLATFORM- THIS SHOULD BE USED ONLY FOR RECEIVING, AND PLATFORMS -PROVIDED 
=; 2 ON OPPOSITE SIDE IF LARGE AMOUNT IS HANDLED. 
a Sean lnatetin siformfesavene if Tae EERS: 
EN, 
Is 
3 


SECTION THRU 
FIRE WALL, 


ELEVATION. 


¥ic. 3.—A warehouse design suitable for construction of reinforced concrete. 
128983—19. (To face page 12.) 


CONSTRUCTION AND FIRE PROTECTION OF COTTON WAREHOUSES. 


a 
c 
= 
= 
a] 
is 
o 
0 
c 
° 
+ 
£ 
: 
o 
® 
Z 
<= 
cs 
> 


PLATFORM, 


/Sheylight wire glass. a! 


ap = WE Ss oe 
ELEVATION 


COMPARTMENTS CONTINUED AS DESIRED. 


COMPARTMENT, 30170 


BALES INDICATED 
770 Tiered 4 high flat 


COMPARTMENT 30'x170' 


BALES INDICATED 


65 Single tier on End. 
770 Double -  - 


COMPARTMENT 30‘x 170° 


‘BALES INDICATED 
315 Single Tier on End. 
630 Double 3 


I |-Sprinkler Riser 


Poved hieeere eorth nf 


SECTION 


4.—A warehouse design having long compartments free of columns. 


13 


14 BULLETIN 801, U. S. DEPARTMENT OF AGRICULTURE. 


intervals of 50 feet forming compartments 100 feet by 50 feet in 
size. When the building is first planned the story height should be. 
so fixed that compartments thus formed will have a volume not ex- 
ceeding the preferred limit of 72,000 cubie feet. Thus a building 
may be constructed which has a low first cost but which may be im- 
proved very economically later with an effective saving of fire hazard 
and insurance charges. Another desirable method of reducing first 
cost and yet providing for future improvements is to use a story 
height of 17 feet (at the eaves) and provide corbels or pockets in the 
walls to support a second floor to be built in later. In this way auto- 
matic sprinkler protection can be given to a large capacity and later 
the added floor and discontinuance of tiering will secure convenience 
and economy in handling and advantageous protection for the cot- 
ton. The sprinkler system would have to be extended so as to cover 
the lower floor. This should be anticipated in the beginning and 
supply pipes made large enough to care for the additional heads. 

The compress compartment demands, for practical use, a greater 
area than is recommended for the storage compartment. Here tier- 
ing of cotton is not to be countenanced from the standpoint either 
of practical cotton handling or fire hazard. However, requirements 
for good light and ventilation, as well as the convenient operation 
of some types of welghing apparatus in use, make a story height of 
approximately 15 feet desirable. For these reasons the capacity per- 
missible is better expressed in terms of square feet of floor area. This 
area usually should not exceed 22,500 square feet, this being equiva- 
lent to a floor 150 feet square. Where this space is not sufficient, a 
similar compartment may be provided adjacent to the compress com- 
partment and communicating with it through well peed fire 
doors in the dividing fire wall. 

Arrangements for the compress compartments are shown in figures 
5 and 6. Figure 5 shows how the compress may be divided into six 
compartments, all communicating directly with the compress com- 
partment, without openings in the fire walls except for those doors 
leading directly to the press room, ‘These arrangements provide for 
a. detached boiler room which is always to be desired, though a cor- 
ner of the press room may be cut off by fire walls for this use. The 
second plan (fig. 6) provides compartments on each side of the 
press compartment. Both of these plans may be adapted readily to 
either fire-resistive or slow- burning construction. If slow-burning 
construction is used, roof openings such as skylights should be of 
metal, and wooden monitors should be placed at least 50 feet from 
fire wile’ 

The types of construction which are desirable for the warehouse 
building are fire-resistive, slow-burning, and a modification of this 
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ty pe which may be called semislow- burning (or “ wood-end”) con- 
struction. In addition to these, there is the less desirable frame and 
“jron clad ” construction.? 


FIRE-RESISTIVE CONSTRUCTION. 


Fire-resistive—sometimes called “ fireproof ”—construction for 
the warehouse ranks first both in protection against fire and in low 
cost of maintenance and depreciation charges. However, the first 
cost is more than that for the other types of construction. For this 
reason it is not to be preferred usually to the best design of slow- 
burning construction, for single story warehouses. On the other 
hand, fire-resistive construction should be used for warehouses sev- 


1 The adaptation of the compartment to withstand fire and admit of effective 
use of fire protective equipment is of great importance. The features of con- 
struction will be discussed under that heading, but it may be stated here that 
effective use of hose streams demands that the length of the compartment, or 
the distance between exterior walls, usually should not exceed 100 feet. Ex- 
ceptions to this rule are the cases of fire-resistive construction where there is 
but one story with large skylights through which streams of water may be 
thrown to the center of the building, and where the construction is fire-resistive, 
of several stories and fully protected by sprinkler equipment. In the latter 
case the increased length of the compartment would be desirable in order ,to 
reduce the cost of the platforms. In this case the compartment length (be 
tween exterior walls) should not exceed 150 feet. 

Compartments may be combined horizontally in considerable numbers, the 
only limitation being that simgle combinations constituting one building should 
not be so long that in case of fire it would require an unreasonably long time 
for a fireman or other person to pass around the building from one side to the 
other. Usually the building should not exceed 700 feet in length, and there 
should be an open space between the ends of these buildings of at least 50 feet, 
unless the exterior walls are of substantial masonry, in which case a 25-foot 
space is sufficient. 

The whole consideration of size of compartments is, of course, an effort to re- 
strict fire damage. Any definite limit is necessarily arbitrary. The limit of 13 
feet in story height is well adapted to the storage of flat cotton two bales high 
on end or one tier on end and two tiers flat, and is a suitable proportion where 
bales are stored entirely on the side as is frequently the case for compressed 
cotton, bales in this position are piled five high. In this latter case additional 
story height results in less effective use of automatic sprinkler (see section on 
fire protection), and other fire-extinguishing equipment to such an extent that 
the maximum should not exceed 18 feet. There should also be taken into ac- 
count the fact that ustally with the increased height, additional cotton is sub- 
jected to fire. As previously stated, the-best distance between exterior walls is 
100 feet and this should not be exceeded except under conditions similar to 
those explained, and in no usual case should the distance exceed 200 feet. The 
remaining dimension for the compartment—the distance between division walls— 
may be adjusted entirely in reference to the value of cotton thus subjected to 
2 single possible fire. Preferably this dimension should be such as to limit the 
volume of the compartment to 72,000 cubic feet. 
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eral stories high whenever possible, and for the single story plant 
which is badly congested or severely exposed. Discussion of fire- 
resistive construction is taken up first so as to treat fully such sub- 
jects as masonry and other details common to the several types of 
construction. 


DISTINCTIVE ADVANTAGES AND FEATURES. 


Essential features of fire-resistive construction are the superior 
fire-resistive nature of material used in construction of all walls, 
floors, roof, structural members and details, together with such ar- 
rangement and assembly of this material as will protect the con- 
tents of the building against fires of external origin and the spread 
of fires origivating inside, and will result in minimum damage to 
the building itself. It should be noted that any type of building in 
which combustible material is stored may be subjected to the most 
severe test from internal fires. Therefore the construction of the 
building should be such as to withstand an intense and sustained 
fire and, at the same time, afford the best opportunity for use of 
fire-protective equipment. The important features of this construc- 
tion may be considered as the division fire walls, exterior walls, 
roof, fioors, and openings. 


TYPES OF WALLS. 


Until comparatively recent years all walls supported their own 
weight and usually a part of the load imposed by roof and floors. 
This type of wall is known as a “bearing wall.” It is the type 
generally used for the cotton warehouse, both as the division fire 
wall between compartments and as the exterior wall where this is 
of masonry. With the introduction of the steel and reinforced con- 
crete buildings there came into use two other types of wall—the 
“curtain wall” and the “panel wall.” The curtain wall, which 
merely carries its own weight, is often used in commercial buildings, 
though it is seldom used in the cotton warehouse; when it is so used, 
the same limitations fixed for the bearing wall will be found ap- 
plicable. The panel wall is especially well suited for reinforced 
concrete construction and so presents advantages for some ware- 
house designs. In the usual construction, the wall is built in panels 
formed by the structural frame, the portion inclosing any story 
being supported independently. Division fire walls and exterior 
walls, for fire-resistive construction, present somewhat different re- 


quirements and therefore are discussed separately. In both in- 


stances, thickness and other provisions stated are based on brick- 
work and refer to the usual bearing wall, while modifications of 
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these requirements are stated in connection with other materials 
and the different designs of walls. 


DIVISION FIRE WALLS. 


Division fire walls should extend from a firm foundation of con- 
crete or other masonry to the underside of the roof, but need not 
extend through the roof. The end of the division fire wall may be 
built into the exterior wall where this exterior wall is of material 
equal to that used in the division fire wall; but if the exterior wall 
is of even slightly inferior material, the division fire wall should 
extend through to the outside of the exterior wall. Otherwise, divi- 
sion fire walls for fire-resistive construction are not essentially dif- 
ferent from. division walls for other types of construction. The 
division fire wall for a building of several stories may be constructed 
solidly with floors resting on offsets (or corbels), or reinforced con- 
crete floors may extend through the wall 

The proportions and design of the division wall should be adapted 
to the general design of the buildings and the material available for 
the wall. In no case-should the division wall be less than 16 inches 
in thickness except for reinforced concrete panel walls referred to 


*The requisites for material for the construction of a division fire wall are, 

first, that it will not transmit heat rapidly; second, that it will not deteriorate 
under the test either of quick and severe or of sustained fires ;.third, that it will 
absorb heat with sufficient uniformity to obviate dangerous difference in re- 
sulting expansion between the protected side of the wall and the side exposed 
to fire. Even with the best materials it is essential that the proportions 
and design of the wall be such as to resist the stresses resulting from the fire 
and give sufficient stability to the wall. 
_ Material best suited for division walls are hard brick (ef clay or clay and 
shale) laid in cement mortar, reinforced conerete, or plain concrete. All of 
these materials offer a strong resistance to the transmission of heat and are 
not deteriorated by it to a dangerous degree. Furthermore, they absorb heat 
with sufficient uniformity to prevent variation in expansion which results in 
spalling, or the flaking off of large pieces. These are qualities lacking In many 
stones, especially limestones and granites; limestone will crumble when sub- 
jected to heat and granite will break up badly. It is for this reason, chiefly, 
that division walls should not be constructed of stone. Mortar composed 
largely of lime deteriorates from heat, and, therefore, brickwork should be 
done with cement or cement-lime mortar. — 

It is the requisite that a material absorb heat and expand uniformly that 
is the chief objection to the use of hollow clay tile in division fire walls. The 
feature of insulation formed by the air pockets or cells—which makes this 
material so desirable for certain uses—totally unfits it for use in a division 
wall. During a fire, the exposed shell of the tile expands very rapidly and 
the air cell prevents sufficient absorption of heat by the protected portion of 
the tile, with the result that the thin shell cracks or the wall buckles because 
of the excessive expansion of one side. 


a ee 
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later. With this as a minimum, walis of conerete properly rein- 
forced with steel may be 4 inches less in thickness than is required 
for brick, while walls of plain concrete should ‘be 4 inches thicker 
than the nominal thickness required for brick because of the fact 
that severe or concentrated heat will produce such unequal expan- 
sion in a thin wall as would be likely to cause dangerous cracks or 
crumbling.” 

The proper increase in thickness for a, division fire wall beyond 
that set as a minimum depends largely on the height and number 
of stories and the length (unbraced) of the wall. Discussion of the 
thickness has reference to brick bearing walls, while the provisions 
for other material and designs explain the modification such change 


‘would mvolve. The number of stories and their height shouid be 


the first consideration in determining the thickness, and should be 
based on a wall not exceeding 100 feet. in length. For a single 
story building having a story height not exceeding 18 feet at the 
lowest or 20 feet at the highest part of the roof adjacent to the 
division wall, such wall should be 16 imeches thick, while for every 
additional 12 feet or fraction thereof in height this thickness should 
be increased 4 inches. If the wall is several stories in height, the 
minimum wall thickness for the two top stories should be 16 inches, 
while for each two successive stories below (each not over 15 feet 


Where tile is used as panel walls in a frame of reinforced conerete or be- 
tween piers of concrete or heavy masonry, this danger is intensified because the 
tile is securely restrained by the piers or concrete frame which expands much 
more slowly with the result that the tile is subjected to an expansive stress 
which is likely to destroy it. The idea that the tile is destroyed by the forma- 
tion of steam: at such pressure as to cause an explosion is not tenable for the 
reason that sufficient moisture is not always present and, where it is, the mortar 
joints are rarely sufficiently tight to prevent the eseape of steam as it forms. 
The eracking of tile when water is applied is due to uneven contraction from 
sudden cooling. These statements appear in conflict to the use of tile for 
insulation of steel frame buildings. This, however, is a use where the ar- 
rangement of the tile permits more expansion as it is less restrained, and 
usually the fire is less severe. However, experience has shown that even here 
clay tile affords nsuch less protection than brick or comerete, which now is being 
used for protecting important columns. 

“This action m a eonerete wall adequately reinforced with steel would not 
oceur to a serious extent, while in a brick wail the bonding or tying together 
of the face or outside brick would result in a decided tendency to limit the 
penetration of the damage to the outer 4 inches of the thickness of the wall. 
Furthermore, the wall ef unreinforced concrete affords.a chanee for conceal- 
ment of dangerously poor workmanship which the introduction of steel re- 


‘inforeement would tend to overcome. The thickness of 12 inches, or even 10 


inehes for reinforced concrete panels, is entirely satisfactory in retarding the 
passage of heat, though it must be increased when required by eertain 


-eonditions. 
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in height, from floor surface to floor surface) or each increment of 
30 feet, the wall should be increased in thickness 4 inches.? 

The foregoing thicknesses apply to a wall not more than 100 feet 
long. If this length is exceeded the thickness of the wall should 
be increased 4 inches throughout for each additional 100 feet or part 
thereof, except that for reinforced concrete the increased thickness 
may be one-half that stated above. 

While it is not intended to discuss here the matters pertaining to 
all details of a building code, it may be well to point out some 
dangers of poor construction in the division fire wall. Openings in 
division fire wall should be avoided as far as possible. It seldom is 
necessary to provide any openings in such a wall of a warehouse 


*For the final 4 inches of thickness in excess of 16 inches pilasters may be 
substituted provided such pilasters are built with the wall, are opposite each 
‘other on both sides of the wall, and are located and proportioned suitably. 
Such pilasters should have a projection from the wall of 4 inches on each 
side, and the face (or dimension parallel to the wall) should be a minimum 
ef 16 inches and not less than one-eighth of the spacing of the pilasters 
measured between centers. The spacing of pilasters should not exceed 25 
feet. The location should be such that no part of the wall will be loaded 
beyond the allowable unit working stress of the material used. 

* While stated thicknesses for walls seem arbitrary, the explanations made 
show that a division wall is subjected to more severe tests during a fire as 
the height or length of the wall increases. Difference in thickness of brick- 
work necessarily must be made in units of 4 inches, and so heights and lengths 
of walls stated are adjusted to this variation. Good practice has shown that 
the above thicknesses are very satisfactory for a wall serving as a barrier 
against fairly intense and continued heat. A wall of less thickness may afford 
good protection, but it should be borne in mind that a division fire wall should 
represent ‘the last line of defense” in a fire; and if the values behind the 
wall justify the expense of a wall, then one which will afford dependable pro- 
tection is the best investment. 

An exception to some of the foregoing requirements for a division fire wall 
is found in panel-wall construction especially adapted to reinforced concrete 
roof and floors. The panels may be built of brick between supporting colunms 
and floor and roof slabs or beams, after these have been constructed, or the 
panels may be of reinforced concrete cast with the floors. In such a case the 
stability of the wall and its action in resisting expansion is cared for by the 
concrete framework, and each panel of brickwork may be treated as a sepa- 
rate and independent division wall in applying the preceding requirements. 
These requirements for thickness, however, may be modified to the extent of 
permitting a brick panel wall to be only 12 inches in thickness, or a reinforced 
concrete panel 10 inches in thickness, for a height of 20 feet for panels not ex- 
ceeding 80 feet in length. The mortar used for laying brick walls of this 
character should be the cement-lime mortar described, as it is more com- 
pressive, and so in this confined position may withstand the severe compression 
from expansion. ‘This form of construction usually will not be economical as 
compared with the regular division wall carrying the fleors and roof, except 
in case the building is more than four stories high or the wali is excessively 
long or there are such special conditions as are discussed under the heading of 
roof and floor construction. 
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storage compartment, though openings frequently are necessary in 
compress compartments to connect them, or to connect the compress 
with the adjacent storage compartment. In any case the opening 
should be as small as is practicable and should conform to the limi- 
tations stated later in the discussion of the doors themselves. Con- 
struction and design of fire doors is discussed in detail later.’ 


_ *Tf brick is used they should be well burned and at least two-thirds of them 
hard (or fully burned), the “run-of-kiln guaranteed two-thirds hard” being 
satisfactory. Care should be taken to see that extremely soft brick from the 
outside of the kiln are thrown out. The harder brick of the lot should be 
used for the exposed surfaces of the wall, and the softer brick used for filling 
in between. 

The brick should be laid fairly close together with joints well filled with 
mortar. Ample “bond” or “header” courses should be used to tie the parts 
of the wall firmly together, this tie being used for every sixth course. The 
-work should not be carried on in freezing weather, while if the weather is 
warm and dry the brick should be wet before they are laid, as this prevents 
too rapid drying of the mortar. The mortar used for the fire wall preferably 

should contain a mixture of one part Portiand cement, one-seventh part lime 

(either putty or hydrated), and sand not exceeding three parts, and should 
be mixed only as required for use. A fairly satisfactory mortar for use above 
the ground, however, may contain one part Portland cement, one part lime 

(either putty or hydrated) and six parts sand.. Cement should not be added 
more than one-half hour in advance of use of the mortar. 

When concrete is used, it should be prepared under competent supervision, 
while the actual work can be done largely by unskilled labor. Mixing and 
-casting should not be done in freezing weather. Concrete not reinforced with 
. Steel should contain one part of Portland cement, two and a half or 3 parts 


..sand, and five parts of suitable gravel or crushed stone. The chief dangers 


.to be guarded against are leakage of the form in which casting is done, 
insufficient mixing, and careless packing or tamping. Concrete reinforced with 
Steel, as used-fer walls, should conform to the requirements later stated in 
reference to “* Reinforced concrete.” The top of the opening should be formed 
by .a substantial brick arch or a concrete lintel. Steel cr iron lintels may be, 
used provided they are protected by either 4 inches of brickwork or a com- 
plete overlapping of the door. The threshold should be o€ ivon or steel, se- 
curely anchored, or the sill (including the part against which the door closes) 
may be of concrete 6 inches or 9 inches thick and fully supported by the wall. 
An example of 4 by 4 inch steel angles used with concrete is shown by Plate 
XIV, figure 5. A solid cast-iron threshold with the surface roughened is to be 
preferred. The threshold should be raised 1% inches or 2 inches, with the fioor 
sloped up to this level, so that water used to extinguish fire in one compart- 
ment will not flow into the one adjoining. 

Vestibule doorways afford excellent protection of the opening... An example 
of such an arrangement is shown by Plate XIV, figure 6, where the low story 
makes the arrangement shown fairly economical. Where the story is very high 
the vestibule may be constructed with a low ceiling covering slab. The width 
_of the yestibule ‘corresponds to the width of doors, while for the depth, or dis- 
tance provided between the doors, 6 feet is sufficient unless it is desired to use 
one swining door opening into the vestibule, as is shown by the drawing. In 
such sase the minimum distance of 6 feet would be increased to suit the width 
of door used. 
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The exterior wall of the fire-resistive warehouse should be of 
noncombustible material. It need not, however, be of such material 
and design as to offer as long-sustained resistance to fire as the di- 
vision wall unless that particular exterior wall has a very hazardous 
exterior exposure, in which case it should conform to requirements 
for a division fire wall. The material suitable for the usual ex- 
terior wall is not as limited as is the case for the division fire wall. 
Brick, concrete (with or without steel reinforcement), stone, and 
sand-lime brick are all acceptable, and usually are to be given pref- 
erence in the order named. Where there is no exposure hazard, 
hollow cement blocks and hollow clay wall tile may be used for panel 
walls of two-story buildings, but even im this ease the adoption of 
this material for a fire-resistive warehouse 1s not desirable. 

In discussing exterior walls, brickwork is the basis for stating 
thickness, just as it is for the division fire wall, but in this ease no 
increased thickness is required when plain concrete is substituted 
for brickwork. (In this connection it is well to note the require- 
ments for “ panel walls” set forth later.) 

The exterior wall of the usual bearmg type which supports floors 
and roof may be 4 inches less in thickness than was specified for a 
division fire wall, provided the minimum thickness be 12 inches for 
the first story, where the height of the story does not exceed 18 feet, 
and that where there is more than one story the walk for the top 


* Brick, cement blocks, and stone may be laid in lime mortar, except that for 
the portion of the wall below and 2 feet above the ground level, the cement 
mortar, previously mentioned, should be used. The lime mortar should con- 
tain one part lime putty, or hydrated lime, te not more than four parts sand, 
the exact proportion being adapted to the character of the sand used. (See 
U. 8. Bureau of Standards Cire. 30; Lime: Its Properties and Uses, 1911.) 
The replacement of one-fourth of the lime with a like amount of Portland 
eement will give excellent results without a great increase in cost. In this 
ease the mortar may be mixed in advance and the cement added as the mortar 
is used. These mortars are equally suitable for the cement blocks. 

Wallis of brick—either clay, clay and shale, or sand-lime—and of concrete 
with and without reinforcement may be used to support the roof and floor, 
this construction being a “bearing wall.” In case of walls of cement blocks 
or clay tile it is best that the floor and roof slab be supported independently 
by columns and beams and that the wall be built independently so as to be 
tied to the floors and columms in such manner that the wall will support only 
its own weight, thus forming a “curtain wall.” In case the building is a 
number of steries in height and the tile or blocks are used it will be better 
and more economical to use a “panel wall” built between the columns and 
beams in such manner that the inclosing wall for any floor is supported by 
that floor and not by the wall for the story below. 
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story should not be less than 12 inches thick. In applymg the rule 
for increased thickness for long walls, only that portion of the ex- 
terior wall which is between division fire walls need be considered. 

Windows in the exterior wall should consist of steel sash glazed 
with wire glass and should be stationary unless ventilation is needed. 
They need not be fitted with fire shutters unless the exposure is se- 
vere. The windows should be placed high so as to throw light over 
the top of the cotton bales. Windows may be omitted and light sup- 
plied by skylights in the case of the single-story warehouse. If ven- 
tilation is to be supplied by the window the opening should be 
screened, and the sash hinged at the top and controlled by a fusible 
link and hook. The window has one advantage other than supply- 
ing light in that it affords a ready opening through which a hose 


* Curtain walls may be of the same material as the bearing wall; or clay 
wall tile or cement blocks may be used, provided the thickness of the wall is 
made the same as for brick and in addition provides exterior pilasters having 
a projection of one-third the wall thickness and spaced at intervals not ex- 
eeeding eight times the width of the pilaster. For example, a single-story 
building having a story height of say 13 feet, or not exceeding 18 feet, should 
provide an exterior wall of 12 inches thickness, which could be of brick, con- 
crete, stone, cement blocks, or clay tile, but if the wall is of cement blocks or 
clay tile, it should be stiffened and braced on the outside by pilasters haying a 
projection from the wall of 4 inches—that is to say, the thickness of the wall 
measured through the pilaster should be 4 inches greater than that of the 
space between pilasters. If the pilasters are 2 feet wide, they should be 
placed 16 feet apart, while if they are only 1 foot wide they should be placed 
8 feet apart—measuring from, the center of one pilaster to the center of the 
next. However, the usual concrete wall column, if extending entirely through 
the thickness of the wall, is a satisfactory substitute for a pilaster of 8 feet 
width. 

Panels for the exterior wall may be of Jess thickness than was stated for 
the division fire wall, panels of reinforced concrete may be only 6 inches 
thick, while panels of brick and plain concrete may be of Sinch thickness 
provided the height of the panel does not exceed 12 feet, though for cement 
block, clay tile and stone masonry panels, the height should be limited to 10 
feet for an S-inch thickness, additional height necessitating the usual pro- 
gressive increases in thickness as stated for bearing walls. 

Clay tile should be laid with cement-lime mortar and joints three-quarters 
or i-inch thick as the mortar serves as a cushion and tends to prevent erack- 
ing of the tile from heat. Better work usually will be secured by laying the 
tile on side rather than on end, as the narrow surface of the tile shell affords 
but little area for mortar, making it difficult to secure the thick joint desirable. 
Door openings in the walls should be formed of brick as otherwise the corners 
of the tile are likely to become badly broken from trucking, thus affording 
an opportunity for entrance of sparks as well as being unsightly. For walls 
which do not contain windows, tile offers some advantage in that it ean be 
broken through readily to provide an opening for hose streams. 
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stream may be discharged effectively. Usually, however, doors sup- 
ply this need.t 


EXTERIOR DOORS. 


Doorways in the exterior wall should be provided in such size and 
location as may be convenient to the warehouse operatives, and at the 
same time serve the purposes of the fireman. Convenience in truck- 
ing is favored by a wide door, most situations being met advanta- 
geously by a door opening 7 feet wide and 64 feet high. The width, 
however, may range from 6 feet to 8 feet and the height should not 
exceed 10 feet. The exterior, or end, wall of the storage compartment 
ordinarily should have doors at intervals not exceeding 40 or 50 
feet apart, measuring from centers of the doors, and usually not less 
than two doors. The threshold of the doorway should-be of cement or 
iron. It should have a slope outward of 1 inch or more to prevent 
entrance of blowing rain. The top of the opening should be an 
arch of the wall material or a lintel of remforced concrete or steel. 
For the compress compartment doors may be as numerous as desired 
and of a width up to 12 feet. It is convenient to have practically 
the whole wall near the press consist of steel doors arranged to roll 
up. (See Pl. XIII, Fig. 1.) -Certainly the compress compartment 
should have at least as many and as large doors as should the storage 
compartiment.? . 


*There is another kind of opening that should be provided in the exterior 
wall. This is known as a “‘scupper”’ which consists of an opening in the wall 
at the floor level for the purpose of discharging water which may accumulate 
on the floor from any unusual cause, such as the discharge of water from the 
sprinkler system. Scuppers should be of Suitable size and design for the 
number used to discharge, under 3-inch head of water, 100 gallons per minute 
for each 500 square feet floor area. Each scupper should have a capacity of 
not less than 100 gallons per minute under 3-inch head of water, and should 
meet the other recommendations of the National Fire Protection Assuciation. 

*An exception to the usual minimum for door openings may be made in 
case it is not desired to provide doors for ordinary use such as would be true 
of upper stories not served by platforms on that side. In such instances at 
least one door should be provided for use of firemen unless the wall is so ex- 
posed to other buildings as to make the door a hazard. This type of door 
should be not less than 4 feet wide, fire-resistive and arranged to swing out. 
It should be secured by such hardware that it could be locked to the outside 
but not the inside, the idea being that it should not offer any resistance to fire- 
men shut off on- the inside and that firemen seeking to gain access should be 
able to break the docr open without delay. This may be accomplished very 
simply by a few links of a chain passed through a hole in the door, the inner 
link being secured by a hook and the outer link by a padlock. Such a door 
is shown by Plate XVIII, figure 6, and is used for only the upper floors. The 
landing formed by the projection of the floor slab is yery desirable for doors 
high above the ground. 
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This door is also suitable for the regular exterior door. 


FIG. 2—FIRE DOOR EQUIPPED WITH A SENSITIVE AUTOMATIC RELEASING 
DEVICE. 
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Doors in the exterior wall may be of several different types. In 
most instances the sliding door is to be preferred as it is easy to 
operate and may be fitted close to the wall. An excellent door of this 
type is shown in Plate XITI, figure 2. Here the door is composed of 
three layers of wood covered with tin so as to resist the action of fire 
from either side. The hardware should be such as to hold the door 
closed even after long exposure to fire. For this reason all hinges, 
track supports, and other hardware should be built solidly into the 
wall. Whether or not doors are locked is a question for the manage- 
ment to decide. Rolling steel doors which slide, or roll up, may be 
used to good advantage where it is desired to provide:openings near 
together as for a compress. These doors are extremely neat and 
resist fire well. They have one serious disadvantage for the storage 
compartment in that they are difficult of operation from the outside, 
and it is necessary for the person operating them in this way to stand 
in the opening until the door is entirely raised. The difficulty here in 
case smoke or flame had to be contended with is apparent. But for 
the large compress compartment, with its entrance doors of some other 
type, these doors are excellent. Photographs of installations of these 
doors are shown in figure 1, Plate XIII. Swinging doors are usually 
less desirable than sliding doors as the former are somewhat in the 
way of trucking and are put out of repair more easily. 


FIRE DOORS. 


Fire doors in the division fire wall should afford high resistance 
to heat. The construction is similar to those described for the ex- 
terior wall, with the addition of requirements for automatic closing 
in case of fire. There are many types of fire doors which may be pur- 
chased ready to install. All of the doors illustrated by Plate XIV are 
what is termed “tin-clad” (a wood core covered with tin) except 
that shown in figure 2, this being a steel rolling door which may be 
installed in the several manners shown. This door is very neat in 
appearance and affords good protection. Doors of the sliding or 
hinged type are also made of sheet steel corrugated and riveted to a 
framework of steel as shown in Plate XV, figure 1. The tin-clad 
coor referred to is an excellent door for an opening in a division fire 
wall. It should consist of three layers of boards, each not less than 
thirteen-sixteenths of an inch thick. The tin covering should be ap- 
plied independently of the use of solder, the joints being securely 
locked and nailed. There are many details to be followed in the con- 
struction to insure the best resistance to fire and positive movement 
in closing.* 


*The door can be built locally by a good tin worker and carpenter, or it ean 
be bought ready made. The latter course may be more economical and is nearly 
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The size of the door should be no greater than necessary and in no 
ease should it exceed 120 square feet in area of opening or 12 feet in 
width. It is preferable that the door opening be not wider than 10 
feet. Doors of large size are not nearly as strong in their resistance 
to fire as smaller doors. Generally a door should be used on both 
sides of the wall so as to protect the opening against a long-sustained 
fire; this also gives greater certainty that at least one of the doors’ 
will close. | 

It is extremely important that a door which has closed from any 
cause be easy to open from either side, as this is a matter of protec- | 
tion to both hfe and property. Ifa door closes during a fire a person 
may be confined in the fire area, or, on the other hand, persons desir- _ 
ing access to the fire in order to extinguish it may be delayed by 
their effort to open the door.? . 


always the more satisfactory provided the purchase is confined to doors ap- 
proved by the Underwriters’ Laboratories. Insurance associations will furnish 
detailed specifications and explanatory drawings showing the construction of 
tin-clad. doors, but, all too often, these are not followed by the mechanics. 

The istallation of all types of fire doors should be such as to insure the hold- 
ing of the doer very securly against the wall and so the hardware (including 
the track for sliding door) should be extremely heavy and securely applied, 
since it may be exposed to a long-continued fire. Pieces of hardware attached 
to doors should be fastened with bolts or rivets extending entirely through the 
door, while parts applied to the wall should be bolted entirely through it. 
The door should overlap the wall 4 inches at both sides and top of the opening 
unless it closes: properly into a recessed steel frame securely anchored to the 
wall. The joint formed at the floor should be close, the door closing upen a 
steel or iron or conerete threshold extending under it 6 inches. 

°A variety of fire-door arrangements is shown by Plate XIV. Rolling steel 
doors with various methods of installation are shown in figure 2, Drawing TI. 
“Detail A.” shows an economical method which is satisfactory in most cases. 

The sliding fire doer is usually to be preferred, as its operation is easy and 
positive. The usual imstallation, shown by figure 5, provides an inclined track 
(haying a slope of three-fourths or 1 inch per foot), which eauses the door to 
roll shut by gravity when automatically freed from a restraining weight. 
This weight (shown to the right of the door) is suspended by a cord which 
passes over a pulley attached to the track or wall and thence to a bracket se- 
eured to the side of the door and projected beyond it and into the opening. 
The connection between this bracket and the cord is made by a “ fusible link” 
which consists of two thin pieces of metal soldered together with solder, which 
melts at a temperature of 165° F. The action in case of fire is that this 
fusible link melts apart, thus disconnecting the restraining weight from the 
door, which rolls shut by its own weight acting upon the inelined track. The 
fusible link should be projected into the opening in order that the natural 
draft of heat through the door may melt the fusible solder as soon as possible. 

In situations where the story height does not allow the necessary incline 
for the track, it may be installed level and the closing action of the door 
secured by an additional weight, as shown to the left of the opening in figure 
3, Plate XIV. This second weight should be connected securely to the door 
by a substantial sash chain in order that it may hold the door shut during a 
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Fire doors for protection of openings in a division wall should 
always be arranged to close automatically in case of fire. The ar- 
rangement should be such that the door is held open, against its 
tendency to close from gravity, by a device which is affected by 
heat in such manner ag to release the door and permit it to close 
in case of fire. The arrangement may be such that the door normally 
is closed but may be held open by a special hook designed to release. 
the door should fire occur. All self-closing doors should provide 
this automatic combination, as otherwise there is danger of the door 
being purposely obstructed and then overlooked until a serious fire 

loss has supplied a costly reminder. 


fire. The pulley over which the chain passes must be sufficiently high to 
insure that the door is entirely closed before the weight reaches the floor. 
The weights used for holding open either type of sliding door (shown to the 
right of the doors) should be adjusted to balance the door exactly and so 
allow it to be closed by hand. The self-closing feature may be added to both 
of these doors by omitting the weights which hold the door open. When this 
is done the fusible link should be retained and a hook provided to seeure it to 
the edge of the opening when it is desired to hold the door open. Unless the 
link and hook are provided, doors should never be self-closing, as they fre- 
quently will be obstructed ‘ temporarily ” for the movement of goods and then 
forgotten. If the hook is provided, it will be used as the easiest way of hold- 
ing the door open, and if the door is, hy chance, left open it will still close 
automatically in case of fire. It should be noted that the hardware for these 
doors prevides a roller at the bottom of the door for holding it close to the 
wall on one side, while the door is held firmly when closed by the heavy iron 
bumpers on the other side. These doors show three hangers, the center hanger 
serving to hold the door against buckling from heat. Two hangers are sufli- 
cient for doors not exceeding 6 feet in width, while three hangers are required 
‘for wider doors. Goods should never be piled again the door. To guard 
against this it is sometimes desirable that a substantial slatted guard be 
provided. | 

Drop doors, or those vertically sliding, such as is shown by figure 4, Plate 
XIV, may be used to advantage in case obstructions such as pilasters or 
buttresses interfere with the horizontally sliding door and where the height 
of story is sufficient. In the illustration the weight shown on the left is con- 
hected by a cord passed through two pulleys to the fusible link placed at the 
bottom edge of the door, and when the weight is released the door closes. 
“The closing is made gradual by the large counter weight or balance shown 
on the right. This door may be operated by hand, though it is not opened as 
readily as the horizontal sliding door, and is particularly difficult to open 


_ atter the closing has been automatic. Furthermore, it presents some hazard 


to life if it should drep while a person were passing under it, though this 
danger is reduced by the large counterweight. : 

The swinging door shown by figure 6, Plate XIV, is satisfactory though 
it is better suited to small than large openings It may be arranged to be 
self-elosing or to close automatically, but care should be taken that the 
fusible link used is placed in position to be reached by drafts of air through 
the opening. For this door the hardware, unlike that of the sliding or drop 
- goors, must provide substantial latches which will hold the door securely 


| when closed. 
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_ Closing devices much more sensitive than the fusible link are 
now available for use on fire doors. The fusible link requires heating 
of the solder and surrounding metal to a temperature above 165° F. 
The length of time required depends on the intensity of the hea 
at the door which may be placed some distance from the origin of 
the fire, or subject to conditions which would allow the fire to spread 
through the opening before closing action of the door. The improved 
closing devices either provide heat detectors at intervals over the 
ceiling or provide near the door a single heat detector which re- 
sponds to a sudden rise of temperature. 

_. As an example of these principles, there is a device which is pro- 
vided with a heat detector which closes the door to which. it is con- 
nected when the temperature rises more rapidly than is occasioned 
by weather or working changes. It is not necessary that the heat 
reach any fixed temperature, but simply that there be a sudden rise 
of temperature at the location of the heat detector which may be 
at the door or a distance from it, or there may be several detectors 
provided at different places. These detectors may be installed on 
both sides of the division wall and operate a decor on either or both 
sides, the releasing mechanism usually being on the wall and near 
the door. The heat detector is connected with the door-releasing 
mechanism by an air tube and the motive power is supplied by the 
rate of rise in temperature at the location of any of the detectors. 
‘Such a device is extremely sensitive to heat, even though the source 
of the heat be in a distant part of the compartment. No con- 
nections of any kind independent of it are required and no elec- 
tricity is used. 

Another instance of a sensitive door closer is a device based, not as 
the first on relative change of temperature, but on response to a fixed 
temperature exceeding 165° F. with means of detecting such tem- 
perature placed in different parts of the compartment. ‘This is 
accomplished by a device which makes an electrical connection when 
the given temperature is reached. With this system, electrical cur- 
rent may be taken from any constant supply or from a storage bat- 
tery or both. Unless the installation provides an alarm system 
which will indicate interruption in supply of current the battery 
should be used. This device also supplies an automatic fire alarm. 
It may be connected to the sprinkler system so that when this is called 
into play all fire doors will be closed. 

The new and improved door-closing devices are establishing a good 
record, but it must be remembered that the simple fusible link has 
given positive service and a reasonable degree of protection for many 
years. It is unwise to discard this simple link, but it is desirable 
that it be supplemented by one of the more sensitive devices if the 
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values of the risk are large and in all cases if the cost is not great. 
The owner should remember that a division wall loses much of its 
value if it contains openings not adequately protected and that pro- 
tection of these openings demands not only that the door resist the 
action of heat when closed but that it close promptly. 

An essential for the satisfactory operation of a fire door is that it 
be in good order at the time of the fire. Spread of fire through the 
opening can generally be traced to the fact that the door was out of 
repair or was obstructed by goods. ‘Therefore doors should be 
examined and operated by hand frequently and closing devices other 
than the fusible link should be tested. The examination of the door 
should be such as to determine whether or not it would close when 
automatically released, as in case of fire. For example, the sliding 
door should have its restraining weight lifted gently, care being 
taken to see that the door moves promptly and closes entirely. Door 
and track must be unobstructed and rollers must move freely and 
without binding of the door. 


FLOGR DIRECTLY ON EARTH. 


The first or ground floor of the compartment (and this is fre- 
quently the only floor) may rest directly on the ground, which is 
decidedly the most economical arrangement in most cases. The ma- 
terial should not be combustible, though treated wood-block paving 
is not objectionable and is an excellent material for the compress 
floor. Cement pavement usually gives the best results for such a floor, 
as it may be trucked over with ease, does not deteriorate with time, 
and is economical in cost of construction. The chief precaution to 
be taken in its use is to insure freedom from moisture and consequent 
damage to the cotton stored directly on the pavement. Where the 
surface of the floor is a foot or more above the ground on all sides, the 
site well drained and the soil not excessively wet, no trouble is likely 
to be experienced, but in less favorable situations special] methods 
must be resorted to in order to prevent the penetration of water. 
This may be accomplished in almost any situation by proper construc- 
tion of the floor.t 


~The cement floor for such locations as do not present serious danger of water 
seeping through the floor may be laid continuously and without joints except 
for those that may be caused from a stoppage of work, as from evening until 
morning. Here the work should be stopped off evenly so as to form a square 
or right angle, vertical joint with the new work. In ‘cases where there is any 
danger of water seepage, the floor should be laid in squares with joints between 
formed every 4 to 6 feet by tar paper, prepared to form a thickness of about 
one-fourth inch, which permits the floor to expand and contract without form- 
ing irregular cracks and at the same time forms a joint which is waterproof. 

The pavement preferably should consist of a rough slab of concrete 3 or 4 
inches thick, composed of 1 part Portland cement, one-seventh part hydrated 
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There are many waterprocfing compounds on the market which 
afford various degrees of protection. Those used for concrete usually 
are designed to be mixed with the water used in preparation of the 
mortar, whereas some may be used as a brush application to the 
finished surface. While some of these preparations justify the claim 
as waterproofing, the prospective purchaser will do well to make 
thorough inquiry before investing in them.? 


lime, 3 parts sand, 6 parts crushed stone (or such amount as may be used with 
confidence that all voids are thoroughly filled by the mortar—that is, the sand 
and cement mixture) with water to form a fairly wet mixture. This shouid 
be finished on top by a mortar composed of 1 part Portland cement, one-séventh 
part hydrated lime, 2 parts sand, with water to form a freely working wet 
mortar. The concrete should be deposited on firmly packed earth and tamped 
until thoroughly packed with water showing on top. The top-dressing of mortar 
should be applied as soon as the conerete is packed. Increased resistance to the 
passage of water from the ground is given by a very dense mixture, such as is 
secured with a liberal amount of water for mixing and also by the addition of 
the small quantity of hydrated lime. Sand, for the best results, should be of a 
mixture of fine and coarse grains, with predominance of the coarse. Under 
any conditions resistance to the passage of water is Increased as the proportion 
of Portland cement used is greater. (See United States Bureau of Standards, 


‘Technical Paper No. 3: Tests of the Absorptive and Permeable Properties of . 


Portland Cement Mortars and Coneréte, Together with Tests of Dampproofing 
and Waterprocfing Compounds and Materials, by Rudolph J. Wig and P. H. 
Bates, 1911.) The top dressing of the richer mixture also supplies a hard, 
smooth surface which is not readily chipped by truck wheels. 

If conditions of the site warrant full protection agaiast water, better protec- 
tion is secured by interposing between the layer of concrete and the top-dressing, 
a layer of very pliable tarred roofing felt. The edges of the widths should be 
fully lapped and cemented by tar and pitch. Where this is done the conerete 
slab must first be allowed to set and the top-dressing should be 2 or 3 inches 
thick, while the concrete slab nfay be reduced to the Same thickness. If the top- 
dressing is too thin and separated from the concrete, it is likely to buckle and 
crack. The expansion joint of tar paper in this case need extend through the 
top-dressing only. Still better protection is afforded by a thorough coating of 
hot tar or tar and pitch applied to the rough slab before the application of the 
top-dressing, but after the rough slab is dry. In this case the top-dressing need 
be only 1 inch thick. The expansion joints in this instance should extend 
through both the rough slab and the top-dressing. ‘The latter method of retard- 
ing water is to be preferred, provided care is exercised to see that all parts of 
the surface are well covered with the tar. Where work is done carelessly the 
first method usually will be more satisfactory. Either arrangement affords 
adequate protection. However, for ail favorable conditions such precautions 
are unnecessary. 

* See United States Bureau of Standards, Technical Paper No. 3: Tests of the 
Absorptive and Permeable Properties of Portland Cement Mortars and Con- 
erete, Together with Tests of Dampproofing and Waterproofing Compounds 
and Materials, by Rudolph J. Wig and P. H. Bates, 1911. 

A satisfactory substitute for the waterproofing methods deseribed (and a 
plan which well may be combined with these for unusually trying conditions) is 


tae 
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For most conditions a floor sufficiently dry will be secured by use 
of the simple concrete pavement first described, provided the propor- 
tion of cement stated is not reduced, the sand is not excessively coarse, 
the stone is of proper size to imsure no voids being left open, and 
reasonable care is exercised in mixing and placing the material. 

Floors consisting of a concrete made of a mixture of tar, sand, and 
crushed stone with thick plank embedded upon this layer and the 
surface finished with regular hardwood flooring have been used with 
excellent results. The only objection to this construction is the ex- 
cessive cost, which is prohibitive for the usual warehouse. 

Boards of 2 to 3 inches in thickness may be used laid flat on the 
ground and nailed to skids 4 inches square bedded in the earth. In 
this case the timber should be heart pine or oak. Sap pine may be 
used if air-dried and thoroughly treated with creosote to retard 
decay. Both of these last forms of floor construction are fairly satis- 
factory from a fire-hazard standpoint, though they are not as de- 
sirable as a strictly non-combustible floor such as is afforded by 
concrete. 

Earth, shell, or cinder floors may be used in some sections of the 
country where no damage to the cotton from moisture will occur. As 
a safeguard, however, it usually will be necessary to raise the cotton 
a few inches above this surface by means of wood strips or stringers. 
Such floors make trucking extremely difficult and generally should be 
avoided, 

Upper floors of warehouses several stories in height, should be of 
fire-resistive construction presently to be described. Where there is 
but one floor and the ground is very rolling, there is a temptation to, 
use heavy frame construction. This should not be done, as such con- 
struction reduces the protection against fire very much as far as that 
compartment is concerned. 

Floors of any material and for any conditions, whether there be 
one floor or several stories, should be constructed with a shght inchne 
from the center of the compartment toward the exterior wall in order 
that water used in ease of fire may drain off readily through wall 
openings or scuppers provided. ‘This slope should be a total of about 


& system of underdraining of the floor. This may be accomplished by placing 
1 foot er nsore below the floor, a line of open joint field tile, the lines being 
spaced at intervals of from 25 to 50 feet. The trench in which the tile is laid 
should. be filled with crushed stone, gravel, broken brick or coarse cinders, while 
still better results are secured when the use of this material is extended to form 
a layer about 2 inehes thick under the floor. The lines of tile should be given 
sufficient grade or fall to drain off and discharge water finding its way into 
them. 
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6 inches in 50 feet, the usual amount for the compartment 100 feet in 
length between exterior walls. This slope will reduce damage to the 
cotton and, in the case of elevated floors, will prevent possible over- 
loading from an accumulation of water—such as might result from 
continued flow of sprinklers. 


ROOF AND SELF-SUPPORTING FLOORS. 


Designs and materials for fire-resistive roofs and self-supporting 
floors have been tried in many forms. Many methods of construction 
used in the early development of fire-resistive construction were 
needlessly costly and afforded very poor protection. In fact, the 
simplest and often comparatively inexpensive construction usually 
has proven the best.t_ This discussion of roof and floor designs will 
be confined to constructions which is most suitable for the warehouse. 
For special conditions other types of construction possibly may be 
suitable, 

Reinforced concrete is preeminently suited for the requirements 
of the cotton warehouse. This material consists of concrete com- 
posed of Portland cement, sand, and crushed stone or similar ma- 
terial, so strengthened or reinforced with steel rods as to secure the 
most economical use of the strength and fire-resistive qualities of 
both materials.? 

in this construction the tensile strength, or the capability to with- 
stand a pulling force, is supplied by the steel rods which are pro- 
_ tected from the action of fire by the surrounding concrete. The 
compressive strength, or the capability to withstand a pushing 
force, is supplied by the concrete. This action of the concrete is 
sometimes supplemented by additional steel. The value of this con- 
struction depends very largely on a proper proportionment and ar- 
rangement of the concrete and the steel. A detailed discussion of 
the engineering phase of the construction is scarcely within the 
scope of this treatise, though it should be pointed out emphatically 
that the design should be handled by a competent engineer experi- 
enced in this character of work, while the construction should be 
under careful supervision. The most dangerous construction has 
been the result of builders having no knowledge of the real principles 
of engineering involved. The mere judgment of such builders is 
worthless in this type of construction, even though they may be 
successful in ordinary frame buildings, 

* Valuable information and result of fire tests is contained in a Report on a 
Test of Floors in the United States, by Ira H. Woolson, EH. M., consulting engi- 
neer, National Board of Fire Underwriters and Rudolph P. Miller, C. E., 
superintendent of buildings, New York City. 

*See U. S. Bureau of Standards, Technologic Paper No. 2: The Strength 


of Reinforced Concrete Beams; Results of Tests of 333 Beams, by Richard 
L. Humphrey and Louis H. Losse, 1911. 
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Fic. |.—CEILING SHOWING A REINFORCED CONCRETE FLOOR ABOVE. 
Note the arrangement of sprinkler piping. 


FIG. 2.—INTERIOR VIEW OF A FLAT SLAB DESIGN OF REINFORCED CONCRETE. 


Note the unbroken surface of the ceiling so advantageous in the diffusion of light and well adapted to 
deflection of water from hose stream and sprinklers, 
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Fic. I.—VIEW OF A REINFORCED CONCRETE WAREHOUSE OF A DESIGN SUIT= 
: ABLE FOR A GREATLY CONGESTED SITE. 


Platforms for each floor should always be provided on one side of such a building and doors on the 
other side, as shown. 
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Fic. 2.—INTERIOR OF A REINFORCED CONCRETE COMPRESS COMPARTMENT. 
Note the excellent light supplied by the saw-tooth skylights. 


Bul. 301, 


PLATE XVIII. 
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Fig. 1.—WAREHOUSE WHICH SUCCESSFULLY WITHSTOOD SEVERE FIRE TEST. 
View shows exterior practically undamaged, although surrounding buildings were destroyed. 


Fic. 2.—INTERIOR VIEW OF ABOVE WAREHOUSE. 
Note complete protection afforded by tin-clad fire shutter. 
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Fic. |.—INTERIOR OF A REINFORCED CONCRETE BUILDING UNDAMAGED AFTER 
THE CONTENTS. WAS DESTROYED BY FIRE. 


Fic. 2—A HoOLLOW-TILE PANEL WALL AFTER FIRE. 
Note that while the tile is badly damaged the ceiling and floor planks are merely charred. 


CONSTRUCTION AND FIRE PROTECTION OF COTTON WAREHOUSES. 33 


The various types of reinforced concrete floor and~roof con- 
struction suitable for the warehouse may be considered as the flat 
slab, consisting of a thick slab supported by columns having large 
flaring heads, or capitals; the beam system, consisting of beams at 
intervals supporting relatively thin slabs of concrete between; and 
a combination of concrete beams and hollow tile in which the slab 
between main beams is really composed of a series of concrete beams, 
or joists, separated by a row of hollow clay tile. 

The flat-slab system of construction is shown by Plate XVI, figure 
2. The exact size and shape of the head of the columns vary with 
different designs and conditions. The flat ceiling shows freedom 
from obstructing beams. This permits a minimum height of story, 
the placing of sprinkler piping close to the ceiling, the most even 
distribution of light and, in case of fire, the most effective use of 
water from. hose streams. The details of this construction as com- 
pared with the beam system is shown by Plate XVIII, figures 2 and 3. 
The flat slab designs are patented. The proprietors supply plans 
for their use and either make a charge for this or require the privi- 
lege of supplying material for use or actually doing the construc- 
tion. This type of construction frequently can be used at a ma- 
terial saving over the ordinary beam designs. Unfortunately, there 
are some limitations to the economical use of flat slab designs for 
some cotton warehouses. These systems are the most economical 
when the floor or roof is continuous, the spacing of columns is nearly 
uniform in both directions, and the load to be carried is heavy. 


*These facts may be made more clear by reference to the accompanying 
plans. The design shown by figure 8 having compartments 40 feet wide with a 
single line of columns dividing the floor slab into spans—or distances between 
supports—of 20 feet is admirably suited for a flat slab design provided the 
division wall is made of reinforced concrete properly designed in relation to 
the floor or is a panel wall consisting of a concrete frame with panels built 
of brick or concrete such as was described under discussion of division walls. 
But if the wall is of any other design, such as brickwork, the flat slab system will 
not be economical from this standpoint. The spacing of columns in this case 
is 20 feet from the walls and 16 feet apart, which is satisfactory for the beam 
construction indicated, though fully as economical results for the flat slab 
systems would be given by increasing the spacing of 16 feet to 20 feet. The 
spacing of columns shown is especially economical for the beam design in- 
dicated. This plan shows a story height of about 18 feet; which contem- 
plates the storing of cotton two bales high on end, which would result in a 
floor load of about 100 to 150 pounds per square foot. The flat slab design shows 
up to good advantage for these and heavier loads, the relative economy of the 
design being increased as the load becomes heavier. Roofs of this latter de- 
sign may be used to excellent advantage for the compress compartment, such as 
is shown by figure 5. Here the spacing of columns 25 feet apart in both direc- 
tions, with the smooth and unobstructed ceiling, is very desirable. 
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The ordinary beam system of reinforced concrete design ig illus- 
irated by the photograph, Plate XVI, which shows the interior of 
a compartment similar to those of the warehouse design in figure 2. 
Tn this last design the distance between the line of columns and the 
division wall is 25 feet, the compartment being 50 feet wide. The 
story height is 84 feet, which permits the storage of cotton to a height 
of only one bale on end, and consequently a limitation in load of 
from 50 to 75 pounds per square foot, This extremely light floor load 
in combination with the rather long span of 25 feet between the 
column and wall are distinctly favorable to the beam system of con- 
struction.+ 

The combination of clay tile with reinforced concrete has not 
the advantages for warehouse construction that it has in ordinary 
domestic building. Its only advantage for the warehouse is that of 
reducing the amount of concrete and steel required for a given 
strength of floor or roof. In the case of the most economical design 
for the warehouse floor there is no advantage in the use of tile.? 


FAILURE OF POORLY CONSTRUCTED FLOORS AND ROOFS FROM 
FIRE. 


It is interesting to note the degree of success with which the 
types of construction here described have withstood the testis of 
fire. A view of a building which successfully withstood one of the 


*In this instance the columns are located under alternate beams, while the 
intervening beam is carried by a cross beam, or girder. The beams are spaced 
8 feet apart, which is a very effective spacing with this light load, considering 
the proportions necessary for both the beam and slab. ‘The best fire resistance 
for beams is secured when the beam is no thinner than necessary, a good pro- 
portion being secured when the breadth, or thickness, of the beam is not 
more than half the drop, or distance from the bottom of the slab to the bottom 
of the beam; but in no case should the thickness of the beam be Jess than 6 
inches, while S inches is to be preferred as a minimum thickness. 

*For the roof slab, economy may sometimes be effected by the use of the 
tile, depending entirely on the local cost of materials. When it is used the 
blocks should be arranged end to end in a single row and with a space be- 
tween rows of not less than 6 inches for the concrete joists, which are cast 
between. The whole top surface should be troweled over with cement mortar 
after casting to receive the roofing material. Even with the best of work- 
ianship this construction is not as good as solid concrete, and the chances 
of poor workmanship are much greater than with the latter. Only a sub- 
stantial saving in cost would justify a departure from the solid concrete for 
this particular character of building. The semi-porous clay tile is best for 
this use. ; 

For all of these designs, columns sheuld receive yery careful attention. 
Shey may be round, octagonal, or square. he round is the best shape, but 
usually requires the use of metal forms. The octagonal shape is practically as 
good and is readily secured by use of wooden forms, The square column, 
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most severe fires—the conflagration of Salem, Mass.—is shown in 
Plate XIX, figure 1. This view shows the exterior of the building 
practically undamaged after the surrounding buildings had been 
destroyed. The interior view (fig. 2 of the same plate) shows 
the complete protection afforded by the tin-clad fire shutter. The 
interior of another building which withstood the test, though the 
contents were entirely consumed, is shown in Plate XX, figure 1. 
Some idea of the effect of fire on hollow clay tile may be gained by 
an examination of Plate XX, figure 2. Here the fire wall is of 
the panel-wall type previously described, the tile panels being carried 
in a frame of reinforced concrete. The timber and plank floors 
of this building were only slightly charred by the fire which shat- 
tered the tile as illustrated. 


SOME DETAILS OF CONSTRUCTION. 


Kmphasis should be given to the previous statement that the de- 
signing should be done by a competent engineer. Reliable engineer- 
ing service is frequently supplied by proprietors of the patented 


systems, but it is best to have the services of a disinterested engi- 
neer who is familiar with the character and cost of the local materials 


to be used. 


while entirely satisfactory for exterior use, as for platforms, is not the 
most desirable for use inside as the corners are readily damaged by severe 
fire or broken by trucks. : 

While concrete properly reinforced with steel is the best material for 
fire-resistance floors and roofs, it is true that there have been cases of poor 
design and workmanship which failed utterly, and there are isolated instances” 
of substantial reinforced concrete structures being damaged by extremely 
severe and prolonged fire. These fires have shown that concrete should be 
east solidly in place in such manner as to make the building, or large sections 
of it, one solid whole, or monolithic, structure. These tests have further demon- 
strated the necessity of so placing the steel that it will be well protected from 
heat by the surrounding concrete. Such observations have indicated that con- 
erete floor slabs should have a protecting thickness of concrete for the steel 
of 1 inch, while this thickness should be 14 inch for walls and beams and 2 
inches for very heavy beams, or girders, and columns. Jf such protection is 
not provided, a severe fire is likely to result in the steel reinforcement be- 
coming so heated as to stretch, causing serious damage to the structure, 

Floors may extend through division fire walls provided the mechanical de- 
Sign is such as to make the floor on either side independently self-sustaining 
in case the floor on the other side of the wall is destroyed. The same con- 
struction may be applied to the roof slab. This involves some modification in 
arrangement of reinforcement, and in some cases additional material. These 
stresses which would arise only in an emergency may be computed on the 
basis of the elastic limit of the materials rather than with reference to the 
usual allowable stresses which should be > used in computing the normal working 
load. 

1 Materials for concrete permit of wide variation. The proportions for 
concrete: reinforced should usually be 1 part Portland cement, 2 parts sand, 
4 parts stone, and water as required. The stone should be in small pieces 
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Reinforcement should consist of steel of medium hardness and for 
general use should be in the form of bars or rods, as they are adaptable 
alike for walls, columns, beams, and slabs. These bars may be of any 
suitable shape, of which there are a great variety on the market. The 
plain, reund or square bars are entirely satisfactory for all ordinary 
sizes. Many companies make a specialty of supplying steel for this 
use; the rods may be had cut to the proper length and bent to the 
exact shape desired. Usually it is best to use regular stock lengths 
end do the bending locally. A very simple bending machine for 
hand operation may be had for this work. Reinforcement for use in 
the slab may consist in whole or in part of woven-wire reinforcing 


not over 2 inches in diameter, and preferably should be of varying sizes, ranging 
from 14 inches down. It may consist of hard stone, such as trap rock, 
granite, limestone, and aggregates which are hard and do not decompose when 
subjected to severe heat. (The U. 8S. Bureau of Standards may supply re- 
ports, at a very small charge, on materials submitted.) The sand should 
be clean and free from loam, clay, or organic matter. The grains should be 
fairly coarse or a mixture of fine and coarse with the coarse grains predom- 
inating. The Portland cement should be of a good quality. While analytic 
tests have been fixed as'a required standard (see U. S. Bureau of Standards 
Circular No. 33, United States Government Specification for Portland Cement, 
1912; also Standard Test Specifications for Portland Cement recommended 
by the American Society for Testing Materials), it is usually a safe policy 
to use a brand of cement which has been on the market and in satisfactory 
use.for five years and is made by a reliable company. Water for mixing 
should be free from alkali or injurious salts in damaging qualities. (See 
U. S. Bureau of Standards Bulletin No. 12: Action of the Salts in Alkali 
Water and Sea Water on Cement.) ' 

Slag from ‘blast furnaces, if burned free from coal, may be used as the 
coarse aggregate for concrete. It makes a concrete which is light, fairly 
strong, and withstands fire well. However, there are but few localities where 
slag is available. 

Crushed terra cotta, tile, or brick are good substitutes for crushed stone 
for concrete, provided the clay material is hard-burned and used properly. 
After crushing, the dust should be screened out and the crushed brick should . 
be wet thoroughly before mixing, for if the material is used dry it will absorb 
too rapidly the water used in mixing the concrete. Care should be exercised 
to see that brick used are hard and well-burned and that they are free from 
mortar; otherwise the finished concrete will be unreliable in strength. 

Gravel should not be used for concrete work which may be subjected to 
fire, as such use has been found exceedingly dangerous. The use of quartz 
gravel in the reinforced concrete of a warehouse at Far Rockaway, N. Y., 
caused serious damage from a fire of comparatively short duration. A detailed 
report of this fire, written by Mr. Ira H. Woolson, may be had from the 
National Board of Fire Underwriters, New York City. A vaiuabie test of 
gravel as compared with other stone for concrete has been made by the Bureau 
of Standards and the results have been recorded in an illuminating way by 
Mr. Walter A. Hull. (See Proceedings American Concrete Institute, Vol. 
XIV, 1918.) There is no objection to gravel, however, for concrete paving 
and for footings of the foundation, 
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materials which frequently can be used to better advantage and are 
more easily kept in place while the concrete is being deposited. 
Punched sheet steel also may be used provided the metal is not too 
thin.* i 

Forms for reinforced concrete may be used with maximum economy 
in construction of the warehouse. The uniformity of requirements 
with the consequent duplication of units, or compartments, makes 
possible a very high degree of standardization in form work with 
the result that forms can be used over and over again. The usual 
construction is with forms built of wood, though forms of steel are 
coming into use. Steel forms for columns, particularly those with 
flaring heads used for flat-slab construction, are desirable. Steel 
forms are also in use for wall construction. For floor or roof slab and 
beams, wooden forms generally are used and fulfill every require- 
ment. These should be constructed in units of such size as to permit 
easy movement for additional use. The slab forms should be made 
of ordinary matched flooring; the same material may be used for 
beams and columns, though for this use material 14 or 2 inches thick 
and closely jointed is to be preferred. It is of primary importance 
that all form construction be very rigid and of sufficient strength to 
support the heavy wet concrete without distortion, as any disturb- 
ance of concrete during setting is a serious impairment to its 
strength. 

The floor slab should be finished with 1 inch of top dressing 
mortar composed of the same material described for finishing the 
paved floor. In this case the hydrated lime may be omitted, if de- 
sired. The rough slab should be wet thoroughly before this mortar 
is apphed to insure a good bond between the two. Only the rough 
slab thickness should be considered in calculating the strength of the 
floor or roof.? 


f 


*Reinforcement should not be painted, as this renders less effective the 
bond or “grip” of the surrounding concrete upon it. This objection also 
holds good in regard to excessively rusty metal. Particular caution should be 
exercised against the use of badly rusted wire or punched steel, as here the 
amount of surface, aS compared with the sectional area is large, and hence a 
definite penetration of rust gives a correspondingly greater reduction of 
strength than would be true of the larger rods. 

Mixing of concrete should be done very thoroughly, the best results being 
obtained by the use of a machine of the type known as the “batch mixer.” 
Sand and cement should be mixed dry before the water is added. Mixing 
should not be done in freezing weather. The concrete should be placed as fast 
as it is mixed, and should be tamped thoroughly to secure a dense mass free 
from voids. Reinforcement should be placed and inspected in advance and 
should be well secured against displacement. 

*The roof slab should be smoothed off carefully as casting is done, or else 
there should be added a top dressing of 1 part Portland cement to 4 or 5 
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Roof-covering material for the roof slab should be suitable ‘for 
application without nails and. for application by roofing cement 
directly to the surface. The material should be enduring under 
exposure to the weather and not inflammable. Two types of roofing 
material which may be mentioned as illustrating these qualities and 
being well suited to the desirable flat roof of the warehouse are “ tar 
and gravel” and asbestos composition built-up roofings. Materials 
for tar and gravel roofing are manufactured by a number of con- 
cerns, some of which, at a small charge, will supply some supervision 
of the work and inspection service at intervals with a guarantee 
against leakage for 20 years. Where such an arrangement is not 
made, the owner should require the roofing contractor to guarantee. 
the roof against leakage for a period of 10 years. This roof is prob- 
ably the most economical for the warehouse. Its use is limited to 
comparatively flat surfaces, the slope of which in no case should ex- 
ceed 3 inches per foot and may be practically flat. The best slope 
for the warehouse roof from every standpoint is one-half inch per 
foot.* 


parts of sand in order to provide an even surface for application of the roofing 
material. In some very dry climates it should be satisfactory te depend on the 
concrete slab to afford protection from water, but for ordinary conditions this 
is not desirable, as it is difficult te prevent such cracks and openings. as will 
result from contraction and expansion and from poor workmanship. Great care 
necessary to overcome this would usually be more expensive than the use of 
roofing material, 

*The tar and gravel roofing is composed of several layers, preferably five, of 
roofing felt (a fibrous material formed into a paper-like sheet by the use of a 
tar or bituminous binder), well covered on the top surface with tar pitch 
applied hot and overlaid with gravel. ‘The first layer of paper should be 
cemented to the concrete surface of the roof by hot tar pitch while successive 
layers should be bound together in a similar manner. The final surface of tar- 
pitch mixture poured on roof binds the gravel covering to the surface, the gravel 
being spread in place while the tar is hot. The gravel serves as a protection 
to the tar against the heat of the sun. ‘The gravel, slag, or crushed stone 
should be washed free from dirt and should be screened to a fairly uniform 
size, which should be from one-fourth to five-eighths inch in diameter. The 
value of such a roéf depends very largely upon the reliability of the workman, 
as this is a case where workmanship counts as much as material. 

Asbestos composition roofings also are suitable for cementing directly to the 
roof slab. They are laid in several cemented plies similar to the method for 
tar and gravel roof, but no protecting gravel covering is required. "The slope 
of the roof may be flat or as great as desired. Here also the personal element 
of workmanship is a vital factor, some manufacturers aliowing their product to ~ 
be used only where it is to be applied by roofers licensed or employed by them. 
Such roofing is ordinarily more expensive than the tar and gravel roofing. The 
asbestos roofing also may be purchased under a guarantee for service, 
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ROOF OPENINGS—VENTILATORS AND SKYLIGHTS. 


Openings in the roof such as are needed for ventilators and sky- 
lights are permissible, though generally it is desirable that the sizes 
should not exceed the minimum necessary. Ventilators should be of 
metal, so designed as to be proof against the entrance of sparks from 
the outside. A convenient size is the 12-inch or 18-inch diameter 
round type of ventilator, of which there are a number of styles 
on the market. The revolving cowl ventilators should be used for 
the compress compartment. They discharge an enormous amount 
of air, as they are not dependent on merely difference in temperature 
within and without but are actuated also by a shght breeze. Either 
type of ventilator may be combined with the skylight. Ventilation 
may be given by the arrangement of one or more sides of the sky- 
light, as louvers, or with a slatted construction. In such case the 
slats should be made of sheet metal rigidly set at an angle of 45° 
or more with the horizontal and overlapping. Where ventilators of 
any type do not provide satisfactory baffles to prevent the entrance 
of sparks, the opening should have a screen of No. 16 wire woven 
and galvanized, with a mesh of not over three-eighths inch. 

The skylight in any case should be of metal frame, glazed with 
one-quarter-inch wire glass—that is, glass having woven wire made 
in it. Such glass will retard the passage of fire for a considerable 
time, whereas the ordinary glass is soon shattered by the heat. 
Moreover, wire glass is less easily broken out and so affords better 
protection for the opening. The glass should be set securely in the 
metal frame and made water-tight. 

Fire shutters for skylights and ventilators are not required, as 
the chief hazard is assumed as from within. ‘The resistance to fire 
aftorded by the arrangements described is sufficient to prevent a 
‘rapid circulation of air and consequent rapid growth of fire, thus 
affording the best opportunity for extinguishment by the automatic 
sprinkler or hand appliances. Should these fail, however, the use 
_ of hose streams will be facilitated by the opening of the skylight, 
thus creating a draft and relieving the doors to some extent from 
projecting flame. They also provide an opening for the injection of 
hose streams.’ 


*Excellent skylight frames can be made of galvanized sheet iron of No, 24 
United States gauge. Both the monitor and saw-tooth types of skylight 
are well adapted for the compress section, while the smaller metal frame 
skylight is suitable for the storage compartment. Practical use generally 
demands that the large glass sections of the saw-tooth or monitor skylight 
of the compress compartment be arranged to open at times, though when 
this is done the arrangement should be such as to permit the opening to be 
protected by a wire screen as described for the ventilator. The skylight 
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Platforms connected with the warehouse should be of concrete 
for the pavement directly on the ground, or reinforced concrete for 
platforms above the ground. The platform for the first floor would 
consist, in nearly all cases, of a paved area which would either rest 
directly on the ground or on an earth fill inclosed by a retaining 
wall. Such an arrangement is shown by the drawings in figure 1. 
In some cases the first-floor platform may be constructed more eco- 
nomically of reinforced concrete. For floor above the ground floor, 
platforms always should be constructed of reinforced concrete, the 
details of construction being the same as described for such fioors. 
Illustrations for such platforms are shown by drawings in figures 
2 and 8. The width of platforms is a variable factor, though 10 
feet usually should be accepted asa minimum, as this gives convenient 
room for the passage of the ordinary hand trucks. Platforms used 
for loading or unloading cotton from cars should be 20 feet wide, 
if possible, since this will allow the placing of cotton in quantity 
on the outer half of the platform, and yet provide a clear space 
of 10 feet between such pile of cotton and the warehouse wall. In 
the design of the platforms to be used in loading cars, no columns 
should be placed at the edge of the platforms, otherwise freight 
cars must be “placed” accurately to avoid having a column block: 
the car door. Good platform construction is shown by the plan 
for a compress compartment in figure 6 and the storage warehouse 
plan in figure 2. The practice of roofing platforms, while very 
convenient, is an expense which usually can not be justified except 
in the case of the compress compartment and such adjacent storage 
compartments as are used in conjunction with it. Here platforms 
usually should be covered. 


for the storage compartment should be stationary, so as to be closed at all 
times. Skylights for the storage compartment should be only of such size 
and number as is necessary for convenient handling of cotton and reading 
of tags. <A size of 4 to 6 feet square is very convenient, while the size usually 
should not exceed 64 square feet. The compress section, however, requires 
considerably more light and ventilation, and the different conditions do not 
permit of a fixed size for these openings. 

The single panes of glass used for these skylights should be of such size 
as not to exceed an area of 1,728 square inches or a width of 18 inches, the 
thickness of the glass being at least one-quarter inch. This limit of width 
is desirable for all glass; that used in a nearly vertical position (making 80° 
or more with the horizontal), if subject to an exterior exposure, should be 
restricted further to 720 square inches area and 48 inches for the greatest 
dimension. An example of this last requirement is that of monitors near 
together on a fire-resistive roof and communicating with separate compart- 
“ ments. However, this condition seldom obtains and the first limit stated is 

generally satisfactory. ; 
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Fic. |1.—A MONITOR WHICH SERVES AS AN EXCELLENT SOURCE OF LIGHT AND 
VENTILATION FOR THE COMPRESS COMPARTMENT. 


It should not be used within 50 feet of fire walls except when the monitor is of fire-resistive 
construction. 


Fig. 2.—THE METAL FRAME SKYLIGHT AFFORDS ONE OF THE BEST MEANS OF 
LIGHTING THE STORAGE COMPARTMENT. 


Note the ventilation provided in the end. 
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Fic. |.—INTERIOR SHOWING SLOW-BURNING ROOF CONSTRUCTION OF A CHEAP 
BUT SATISFACTORY TYPE. 


Note the simple method of framing post and timbers. 


FIG. 2.—WELL-FINISHED INTERIOR OF SLOW-BURNING CONSTRUCTION. 


The cast-iron post cap affords an excellent connection for timbers. 
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’ 
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Fic. I.—A DIVISION FIRE WALL WHICH CHECKED THE SPREAD OF A FIRE THAT 
CONSUMED A COMPARTMENT FILLED WITH COTTON. 


Note that the timbers supported by the corbel fell without damage to the wall and that the buttresses 
prevented buckling of the wall from heat. 


ELT 
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Fic. 2.—A LONG WALL BRACED BY BUTTRESSES AGAINST BUCKLING FROM 
FIRE. 


Other notable features are the conductor head with scupper above, the lower end of the metal con- 
ductor discharging into cast-iron pipe, and the cast-iron door guards. 
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A. Goop METHOD OF FINISHING A WALL AND CORNICE UNLESS THE WALL 
IS PARAPETED. 
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PLATE XXV. 


INTERIOR VIEW OF COMBINATION STEEL AND TIMBER CONSTRUCTION AFTER FIRE. 
Timbers charred but slightly damaged, while the steel beams were twisted and caused to sag by the heat and rendered worthless, 
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NOTE: Plonking and framing should be proportioned to the loode 
required and stresses ollowed for the material used, 
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Disconnected platforms affording no serious fire hazard to the 

rarehouse are discussed under the head of “ Independent platforms 
and sheds.” 

The surface of a concrete platform, for any use where subjected 
to constant trucking, should be of such hardness as not to wear 
rapidly. This is secured primarily by a top-dressing, or surfacing, 
of concrete mixed with a liberal quantity of cement; or by the use 
of sand which is not excessively coarse. Sand having grains of 
graduated size is preferable. Such a mortar is dense and presents 
a surface that wears down slowly and evenly. Further hardness 
may be secured by the use of special preparations which are on the 
market. Some of these are mixed with the mortar and others are 
penetrating liquids for application to the surface after the cement 
has set. The comparative merits of these preparations should be 
determined before they are purchased. 


FLOOR OPENINGS. 


Floor openings never should be permitted to form a direct. com- 
munication between two inclosed floors or compartments. Elevators 
and hoist should be located on the platforms and isolated from all 
openings into the compartments. Where bale chutes and stairs are 
required, they should be placed in a similar manner. 


SLOW-BURNING CONSTRUCTION. 
ADVANTAGES AND DISTINCT FEATURES. 


Slow-burning construction is well suited to the requirements of 
the cotton warehouse, although this construction does not afford such 
a high degree of protection as fire-resistive construction. The stor- 
age house for cotton, however, presents a combination of values of 
distinct contrast to many buildings in that the value of the cotton 
stored so very far exceeds the value of the building which protects 
it. Although the building of reinforced concrete will remain prac- 
tically undamaged after its contents bave been entirely consumed, the 
building of good slow-burning design will retard materially the ac- 
tion of fire and provide very favorable conditions for extinguish- 
ment. With acceptable designs for warehouse compartments of this 
construction, fire frequently can be confined to the section in which 
it originated. Hence the compartment is still the unit of the ware- 
house, as it is in case of the fire-resistive construction. The same 
general influences control its preferred size and proportions except 
that its limitations must be fixed entirely by walls, the floors not 
serving to separate compartment units, in case of multiple story 
construction. 
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Slow-burning construction—sometimes called “mill construc- 
tion ”—consists of substantial masonry walls and heavy timber fram- 
ing with thick and closely laid floors and roof, all arranged so that no 
concealed spaces, or pockets, are formed. Although this may be con- 
sidered a brief definition, there are a number of essential details 
which should be adhered to if the building is to be worthy of its 
name. For example, timbers which are carried at the end by walls 
should be supported there in such manner that failure and falling 
of the timber would not damage the wall. The value of proper con- 
struction, in this particular, is shown by the photograph in Plate. 
XXIT, figure 1, in which case heavy timbers resting on corbels have 
fallen without damage to the wall though an entire compartment was 
consumed. It is true that the first requisite is control of the fire, 
but a close second consideration is that damage be restricted and re- 
pair made easy. 

Some general features of slow-burning construction as embodied - 
in a well-designed warehouse are shown in Plate XXII, figure 2. 
- The cast-iron post cap gives a good connection between the post 
and timbers. 


. DIVISION FIRE WALLS. 


Division fire walls should be of the same material as that specified 
for such walls of the fire-resistive construction and the general re- 
quirements are the same. There is, however, one factor to be con- 
sidered here that is of greater importance than it is in the case of 
fire-resistive construction—that is, stability against overturning or 
buckling from heat. In the construction having reinforced con- 
crete floors and roof, these supply a rigid tie to the wall; but in 
slow-burning construction, the wall must stand upon its own merits 
and must sustain the shock of falling timbers and goods. Sufficient 
stability usually is supplied by the thickness and other proportions 
specified previously for brick walis of the bearing type. 

An excellent fire wall is shown in Plate XXIII. The compart- 
ment was full of cotton, which was entirely consumed. Note that 
the heavy tapering buttresses held this unusually long wall against 
the buckling and overturning which a severe fire frequently causes. * 


*The resistance to buckling of the long, wall under the test of heat may 
be supplied by cross walls or buttresses instead of the additional thickness 
previously described. Buttresses should be placed at intervals not exceeding 
100 feet and preferably of 50 feet. This type of buttress (shown on Pl. X XVI, 
fig. 8) should be built with and into the wall and not merely against it. The 
combination of vertical surfaces and off-sets should be such as to be equivalent 
to a tapering buttress (indicated by the heavy dotted line) having a pro- 
jection at the first floor of one-tenth the height of the wall; the face (or 
thickness measured parallel to the wall) should be 24 inches. If conerete is 


CONSTRUCTION AND FIRE PROTECTION OF COTTON WAREHOUSES. 43 


In order to form a complete fire break the division wall in slow- 
burning construction must extend well through and above the roof, 
this projection usually being 3 feet. If the roof has a monitor er 
combustible skylight within 50 feet of the wall, the parapet should 
extend to the level of the top of such structure. Moreover, the ends 
of this wall must project through the eaves or cornice of the roof in - 
the event that such combustible material overhangs the exterior wall, 
This is shown by the drawing in figure 17. The portion of the wail 
projecting above the roof, or that extending above the bottom of the 
roof timbers, is known as a “‘parapet” or “parapet wall,” wherezs 
the extension of the ends through the cornice may be termed a “cor- 
beled extension,” or “wing wall.” Openings in the division wall 
are quite as undesirable in this design as in fire-resistive construction 
and when openings are necessary they should be protected in an 
equally effective manner. 

All parapet walls should be finished on top with a suitable mate- 
rial to preserve the mortar joints there. This protection is usually 
supplied by a coping of terra cotta or concrete. Such copings are 
shown by Plate XX VI; figure 2 shows a conerete coping and figure 
3 a terra cotta coping. 


THE EXTERIOR WALL. 


The exterior wall should be of the same material and design as 
described for similar walls of the bearing and curtain types for fire- 
resistive construction. The proportions stated there are sufficient 
to resist the pressure of ordinary windstorms provided the wall is not 
excessively long and tall. 


used, a tapering buttress as indicated by the dotted lines will be cheaper, 
while the design shown is suitable for brickwork. 

The pilaster, such as is shown by Plate XXVI, figure 3, is of value in sup- 
porting loads carried by the wall and gives some added stability to the wali, 
particularly if it is tall, but the pilaster is not a satisfactory substitute for 
the buttress in resisting buckling from expansion. 

Walls longer than 200 feet should contain expansion joints at intervais 
not exceeding 200 feet, and should have these free ends buttressed. 

The parapet height is not figured into the height of the wall for purposes 
of determining thickness. 

In the rare instances when a panel wall is used, the same principles should 
be applied to it except that the total thickness and breadth of each pilaster 
(or, more properly, column) should be, at the bottom, equivalent to one- 
eighth of this height. At least one beam should be used near the top of the 
wall, the beam having a depth of 12 inches or more and a breadth equal to 
the greatest thickness of the column but not exceeding 24 inches. This broad 
beam should supply the necessary resistance to buckling from expansion. The 
thickness of the panel would be subject to the same limitations stated for 
Similar use in the fire-resistive construction. 

Fire walls for one story buildings with a low story height of only 9 feet 
may be of 12 inch brickwork. 
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Walls longer than 100 feet and not tied by cross walls should be 
braced at intervals of 100 feet by buttresses similar to those in Plate 
XXIII, figure 2. The top of the wall should extend above the roof 
to form a parapet 3 feet high if there is an exposure; this arrange- 
ment is shown in the photograph just referred to. If there is no se- 
rious exposure, the wall may terminate as a parapet only 18 inches 
above the roof, or the wall may be finished with a corbel support- 
ing a metal guiter as shown in Plate X XIII, figure 2. In the latter 
case it is important that the division fire wall provide the corbeled- 
wing projection shown. It is preferable that there be no a 
ing cornice as this is a source of fire hazard. 

Walls not terminating with a parapet should have suitable 
wrought iron timber anchors built in and secured to the framing, 
in order to resist the lifting action of wind. The size and design of 
the anchor depends on the arrangement of framing. 

Openings in the wall should conform to the same size and arrange- 
ment as stated for fire-resistive construction. Doors may be of thick 
and substantial wooden construction if there is no serious exposure. 
Windows should be metal glazed with wire-glass.* 


FRAMING. 


The usual arrangement of roof and floor timbers is such that the 
end of the timber is supported by the division wall. The end of any 
timber supported by a wall should rest freely upon a ledge, such as 
an offset or corbel, and not be built solidly into the wall. The free 
support permits the timber to fall without damage to the wall as 
previously illustrated. This is one of the most important details 
of slow-burning construction, and failure to observe this requirement 
leads to serious damage to the building and also rapid spread of fire. 
The drawing, Plate XX VI, shows such construction in figure 3 where 
the floor timbers are supported by corbels and offsets or by pilasters 
and the roof timbers are supported by corbels. These timber-ends 
often may rest directly upon the brickwork provided sufficient bear- 
ing area is suppled for the comparatively light load generally sus- 
tained. Timbers parallel to and supported continuously by the wall, 


*A condition which requires that doors be constructed as a fire door is occa- 
sioned by the use of wood platforms. This protection should also be used in 
the case of doors in one story placed under those above and not separated by 
a reinforced concrete platform. Wooden doors are used only where no severe 
exterior exposure is anticipated. A wooden door is satisfactory if all of the 
provisions here stated are fulfilled, but the fire-resistive door is much better. 
In any event, doors should fit close to the wail and threshold. If the exterior 
exposure is very severe, the wall and all openings should be constructed as in 
a fire wall. 
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such as frequently occur in the exterior wall, which support the 
ends of floor or roof plank, should be lightly anchored to the wall 
by bolts for the purpose, although the bearing should be directly on 
a ledge formed by an offset or corbel. 

Timber ends supported by posts should have a direct bearing over 
the post and have a supplementary connection from an iron cap or 
wood bolster such as is shown by figures 4 and 5 of Plate X XVI. 
Where a floor is supported, the post above this floor should be tapered 
and carried between the ends of the timbers of the floor below to a 
firm bearing on the column bolster or cap; the ends of the abutting 
timbers should be beveled so as to secure a direct bearing. Such con- 
struction is shown by Plate X XVI, figure 5. The timbers are secured 
by lag screws connecting them to the bolster which is in turn spiked 
to the post. This bolster is of further value in stiffening the timbers 
against deflection under load. The iron cap of suitable design may 
be used in place of the bolster. Use of the iron cap is to be preferred 
for one-story buildings where the use of power trucks is contem- 
plated. In such cases the post should be securely framed to reduce 
the likelihood of its being knocked out by the truck. Posts support- 
ing the roof should be secured to it in such manner that slight lifting 
of the roof by wind would not allow the post to fall. The post which 
is supported at the first floor should always rest on a cast-iron plate 
in order that there may be no penetration of moisture from the pier 
into the wood to cause decay, and to equalize and distribute the load 
over sufficient area of the pier. (The pier should, of course, be of 
substantial masonry such as was described for use under ground). 
The lower end of this post should contain a hole about 13 inches in 
diameter and of equivalent depth which should fit over a lug, or 
knob, formed on the bearing plate. This gives stability against dis- 
placement by blows from trucking. The framing described is simple, 
economical, and is most satisfactory in behavior when subjected to 
fire. Timbers should be dressed on all exposed sides and have cor- 
ners chamfered, or beveled, and splinters removed. 

For preservative and fire retardant treatment of wood, see the 
concluding paragraphs under “Semi-slow-burning construction.” 


FLOORS. 


Planking for floors above the ground and for the roof should be 
thick. All exposed sides should be dressed and edges should be well 
matched by being tongued and grooved or splined, preferably the 
latter. (In splined construction the edges of the plank provide a 
deep, wide groove into which a wooden strip is fitted tightly.) This 
construction insures a close joint, which prevents the ready passage 
of flame and retards the leakage of water used in extinguishing fire. 
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It also tends to prevent the warping which is particularly damaging 

-to roofing. The planking should be securely nailed to timbers and all 
the joints should be close. Over this should be laid one layer of 
waterproof paper covered with a durable wearing floor about seven- 
eighths of an inch thick. There should be provided, however, an 
open joint of about one-half inch at the junction of the plank edge 
and wall to permit the plank to swell in damp weather; disregard of 
this precaution results in buckling on the floor and, occasionally, in 
displacement of the wall. For floors, this space should be elosed by 
a light strip of hardwood loosely nailed at the top of the floor and 
carefully fitted to the wall, as this serves in case of fire to retard the 
passage of flame from one story to that above. Instead of this strip, 
or in addition to it, the masonry wall should provide a ledge, 2 
inches or more wide, just under and close to the floor plank. This 
prevents the quick spread of fire from one floor to another. 

The first floor should rest directly on the earth and should be con- 
structed as described for fire-resistive construction. Where this en- 
tails prohibitive cost, as may be the case on a rolling site, the first 
floor may be constructed as described for other floors, In such case 
it is desirable that the timbers supporting this floor rest directly on 
masonry piers. These floor timbers should not be nearer than 18 
inches to the ground and the space under the floor should be venti- 
lated (through the exterior wall) if rapid decay is to be avoided." 

Openings seldom should be permitted in floors and when unusual 
conditions make such openings necessary the opening should be in- 
closed by fire walls with all wall openings fully protected by roomy 
vestibules and double fire doors automatic in operation. Such open- 
ings should be avoided by placing stairs, elevators, hoists, and bale 
chute well removed from all wall openings and so as to connect plat- 
forms. 

. ROOFING. 

Roofing should conform to the same requisites set forth for mate- 
rial used in fire-resistive construction, although there is slightly more 
latitude here inasmuch as the material should be apphed with nails. 


* Distinction between slow-burning and the usual light joisted construction has 
been drawn by fixing certain minimum requirements for sectional area and 
dimension of planking and timbers. It is generally conceded that roof planking 
should not be less than 24 inches and floor planking should not be less than 3 
inches thick, with a permissible reduction in thickness of three-eighths of an 
inch taken off in dressing. Timbers should have a minimum sectional area of 
64 square inches (equivalent to 8 inches square for columns) and should not 
be less than 6 inches in any dimension. (This does not refer to light wall 
timbers continuously supported by a ledge, these timbers usually being 4 inches 
by 8 inches.) In any event. the size of the timber should be such that charring 
to a depth of one-half inch on all exposed sides would not reduce the strength of 
the timber more than 20 per cent and in no ease to the point of failure. All 
timber and planking should be dressed on all exposed surfaces. It is desirable 
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The variety of material and construction is usually limited to those 
_adapted to roofs of very slight pitch since this slight incline is pre- 
eminent for warehouse designs. That the roofing material should be 
non-inflammable is of even greater importance for this construction 
than for the fire-resistive. In the case of a concrete slab the dan- 
ger would be limited to access of sparks through ventilators and sky- 
lights and all fire damage would be confined to the possible loss of 
the roofing material. On the contrary, for slow-burning construc- 
tion, the roofing material itself must serve as a protection to the 
roof planking against exterior fire. Furthermore, the roofing is 
called upon to resist the lifting, or “ sucking,” action of wind and, 
therefore, must have either considerable strength or weight or both. 

There are certain elements peculiar to a fire in a cotton warehouse 
which render unsuitable for roofing some materials, such as tin and 
sheet iron, which are well suited to other purposes. It is true that 
these materials are proof against spark hazard from external sources, 
but they present a serious handicap to the extinguishment of fire 
which has originated in or gained access to an individual compart- 
ment. Some critics hold that the chief objection to tin or sheet iron 
is that when the supporting framing is burned away the metal falls 
upon the cotton and prevents effective application of water with a 
consequent heavy loss of the cotton. Others hold that it is better in 
case of fire that a hole be burned through the roof so as to permit the 
direct escape of heat and smoke in order that all openings may be used 
more readily for application of water. Such action is ‘retarded when 
the burning framing with metal clinging to it falls bodily on the cot- 
ton. The composition roofings, on the other hand, break up under 
such conditions and do not present any material hazard. Certainly 
the feature of salvage from a cotton fire is sufficient to make the use 
of metal roofings inadvisable unless applied over 2-inch planking, 


that the corners of timbers be beveled or chamfered, but in any event splinters 
- on corners should be removed as these afford ready facility to ignition. 

The wearing or surface floor should be laid diagonally or at right angles to 
the heavy floor plank. The surface floor may be pine, though a hardwood such 
as maple should be used where much trucking is contemplated. 

The waterproof paper should be turned up at wall and columns 6 inches. 
This construction is very desirable for warehouses used by cotton mills where 
fire or water damage may result in a loss greater than the commercial value of 
the cotton because of expense and delay in making replacement with cotton of 
like character. 

The “Regulations of the National Board of Fire’ Underwriters Governing 
Standard Mill or Slow-Burning Construction” is a concise specification of the 
very best practice. Hvery engineer and builder should endeavor to follow these 
recommendation which were prepared by the foremost engineers engaged in 
commercial, scientific, and fire-prevention work. 
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which would not collapse quickly. Even then, it should be adopted 
only with great reluctance. The roofing most fully suited to the 
requirements of the nearly flat roof of the cotton warehouse is 
tar and gravel of good material carefully applied. Its cost of upkeep 
is very low, while with a tin roof the cost of painting required is 
considerable. 

The junction of roofing with parapet walls should be made water- 
tight by extending the flashing an ample distance up the side of the 
wall-and counter-flashing with suitable material built into the brick 
joint or suitable recess.* 


ROOF OPENINGS. 


Roof opening for the storage or compress compartment of slow- 
burning construction should conform in all particulars to the requi- 


*There is now on the market a type of tile, or wall block, which provides a 
“ragele joint”? for holding counterflashing. The eaves of the roof may extend 
even with the outside of the exterior wall and be finished with a hanging gutter 
fitted close to the top of the wall, or the exterior wall may continue above the 
roof to form a parapet. When this latter and better method is adopted, care 
should be exercised to provide ample capacity for the outlet conductors in 
order that excessive water may not accumulate on the roof and encroach above | 
the flashing. As a further safeguard against such an occurrence if conductor 
pipes should become clogged, scuppers or openings should be provided through 
the parapet, the inner end of the scupper lining being soldered to the flashing 
and the outer end arranged to discharge water freely. 

The scupper preferably should be about 5 inches high and 12 inches wide and 
should be so set that the top of the opening would not be above the top of roof 
flashing and the bottom would not be so low as to permit discharge from the 
scupper except in the event of stoppage of conductors, 

Flashing and counter-flashing should be of durable material and usually 
should be metal. Copper is the best material for this purpose, but its cost at 
this writing makes its use prohibitive. When used it should be of the thickness 
known as 16-ounce, the “hot rolled’? metal being suitable. Galvanized iron 
makes an excellent and economical flashing. Its thickness should be from 
24 to 27 United States standard gauge. Care should be exercised to see that 
the material used does not show cracking or flaking off of the zine coating 
when the metal is bent in the necessary manner. Roofing tin may be used, but 
is less desirable than the other materials mentioned. Such tin plates should 
be of the quality known as “ 40-pound ” tin coating, and this coating may be on 
the lighter weights of sheet iron. Tin flashing always should be well painted 
on both sides. Joints in any flashing should be soldered and allowance made 
for expansion. The counter-flashing (which is built into the wall and turned 
down over the flashing) should be in long but independent sections, well lapped 
at joints. Guttering should be of galvanized iron, usually of No. 24 United 
States Standard gauge. 

It is of great importance that there be no penetration of water at the junction 
of roof and parapet. Although the resulting damage to the cotton may be 
negligible, such moisture causes rapid decay of the ends of timbers, with a 
frequent result that such timbers which are otherwise sound must be replaced. 


: 
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Fic. 1.—LIGHT TILE WALL DEMOLISHED BY WINDSTORM. 


Note that the wall fell outward; this shows why pilasters should be placed on the outside of a wall of 
light material. 


Fic. 2.—A WAREHOUSE IN WHICH HOLLOW TILE IS USED TO THE BEST 
ADVANTAGE. 


Note that the frame, roof, and platforms of the building are of reinforced concrete, 
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Fic. |.—THE PLATFORMS SET OFF FROM THE BUILDING IN ORDER TO MAKE 
MORE EFFECTIVE THE FIRE BREAK FORMED BY THE WALL EXTENSION. 


Note that the roof overhanging is drawn in on each side of the fire wall. 


FIG. 2.—A SEMI-SLOW-BURNING WAREHOUSE BUILT AGAINST A RAILWAY 
FILL. 


PLATE XXIX. 
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Fig. 1.—INTERIOR OF A CLASSING ROOM SHOWING EXCELLENT DISTRIBUTION 
OF LIGHT EFFECTED BY THE SAW-TOOTH SKYLIGHT FACING THE NORTH. 


Fic. 2.—A VIEW OF AN EXCELENT CLASSING ROOM AND OFFICE. 
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sites set forth for such openings in the fire-resistive roof. Special 
care should be exercised to see that a tight joint is made at the venti- 
lators and skylights. 


PLATFORMS. 


Platforms should be paved or, if elevated, built of reinforced con- 

erete. Wooden platforms are a source of great expense for upkeep 
and present a good opportunity for the origination of fire. All 
things considered, the paved or reinforced concrete platforms are 
more serviceable, and, eventually, are more economical. If wooden 
' platforms are used they should be of heavy timber, and the ware- 
' house doors should be protected as previously described. 
. In view of the frequent reference to requirements of the construc- 
' tion for warehouses several stories in height, it is scarcely wise to 
conclude this portion of the discussion without pointing out the 
hazard such additional stories entail. The single-story warehouse 
of any construction affords*decided advantage in dealing with a fire 
and is especially advantageous in the case of slow-burning construc- 
tion. However, if conditions demand the storage of cotton without 
tiering, this single story entails a prohibitive cost of the plant per 
bale capacity, particularly if adaquate yard hydrant piping or 
sprinkler equipment is provided. In such cases there is no serious 
objection to providing three low stories if all stories of the com- 
partment formed by the division fire walls contain a total of not 
more than 144.000 cubic feet. The resulting area (stories being of 
equal height) is suitable for convenient storage of 1,000 bales of 
uncompressed cotton or 1,500 compressed bales. Additional stories 
not only invoive subjection of an excessive value of cotton to a single 
possible fire, but render the use of hose streams less effective. For 
slow-burning construction, not more than four stories should be 
countenanced under usual conditions, and these stories should be low, 
_ permitting the storage of only one tier of bales on end.* 

Extreme caution should be exercised in the: use of unprotected 
steel in combination with any timber construction. The weakness 
of steel for such use is shown in Plate XXV. In this building both 
steel beams and timbers were used owing to a shortage in available 
steel beams. A fire which damaged the timbers but slightly caused 
the steel beams to twist and sag as shown by the photograph. The 
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* Additional stories may be provided by making alternate floors of fire-resis- 
‘ tive construction, such as reinforced concrete. Even in such event, a limit 
e of four stories is preferred and six stories should be the final limit, the third 
fe and fifth floors of reinforced concrete and all floors provided with platforms of 
_ reinforced concrete. 
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most dangerous use of steel from a fire hazard standpoint is the use 
of steel rods in truss beams. There is a temptation to use this con- 
struction for increasing the span of beams and so reducing the 
number of columns, particularly in the compress compartment.? 


SEMI-SLOW-BURNING CONSTRUCTION. 


A modified type of slow-burning construction for cottun ware- 
houses is in very genera] and satisfactory use. This type of build- 
ing is exactly like the slow-burning construction already described 
except that the exterior walls are of hght frame and the division 
fire walls are modified in such manner as to form an effective fire 
break in these inflammable exterior walls. Also the omission of the 
durable top floor and waterproof paper over the heavy planking is 
permissible and in keeping with the cheapness of this construction. 
This combination may be called semislow-burning construction. It 
is frequently spoken of as “ wood-end ” construction, though this is 
a rather indefinite term. A general view of such a building is 
shown in Plate II, figure 1, and is referred to in the beginning of 
this discussion. The value of the semi-slow-burning construction lies 
in the economical restriction of cotton subject to a single fire. Pro- 
vided the design of the division fire wall and the wood end is cor- 
rect, this construction is very satisfactory for buildings properly 
separated and not seriously exposed to other fire hazard. This de- 
sign is especially economical of construction in communities where 
lumber is readily available and masonry materials are scarce. 


‘ 


{ 


EXTERIOR WALLS. 


The exterior walls constructed of light frame afford advantages: 
in some cases to firemen, since the boards can be pulled off readily, 
thus providing openings through which hose streams may be played 
effectively upon the fire. The disadvantage of the wood-end wall 


*Usually the steel red equivalent to 1 inch square is subject to a Stress, 
of 16,000 pounds which it readily withstands at a normal temperature, but 
with ordinary temperatures reached in a fire this strength is reduced quickly 
to so low a value as to make failure certain and prompt. 

Steel or wrought-iron timber hangers or post caps are less objectionable 
than steel truss rods, aS a partial yielding of the timber hanger does not alter 
as seriously the mechanical stress which remains equal to the sheer load of the 
beam. 
| If it is necessary to.secure spans longer than is economical with timbers, 
trusses may be used provided all members (both tension and compresion) are 
of wood having the dimensions of no side less than 6 inches and are such that 
_charring of all sides to a depth of one-half inch will not reduce the strength 
of the member more than 20 per cent. Steel or iron should be used only for 
bolts enclosed or insulated by the wooden members. 
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is that it does not afford adequate protection from fires of exterior 
origin. Therefore these two considerations are favorable to the use 
of very hight framing, such as 2 by 4 inch studding, carrying lapped 
siding, or weatherboarding, combined with heavy posts that sup- 
port the timbers carrying the floor or roof plank. Thus if the fire 
gains sufficient headway to make destruction of the light inclosure 
necessary it may be accomplished easily; or, in the event of the fire 
having made dangerous progress, the light inclosure may be burned 
away and still leave the roof or floor adequately supported for a 
time. The siding should be applied horizontally and with edges of 
boards well lapped so as not to permit the entrance of sparks. Ver- 
tical boarding is less desirable unless the joints between planks are 
well stripped. Siding may be the ordinary resawed beveled weather- 
boarding, either sized or dressed. The dressed material is to be 
preferred unless the wall is to be whitewashed, im which event the 
rough material affords a better surface for the whitewash. This 
frame wall may be left unfinished or it may be 1 ite 
or painted. Whitewash affords good protection against attack of 
flame, but the result is unsightly unless the mixture is colored and 
frequent applications are made. Stains made with creosote may be 
used, or the wall may be painted with such paints as do not burn 
readily.+ 

Clay wall tile may be used as a substitute for the frame wall of 
single-story buildings: The thickness of tile need be only 6 or 8 


*Framing of the exterior wall should be constructed so that sills will be 
raised above the ground and protected from moisture. It is desirable that 
the light sill, or “ shoe,” be raised about an inch above the platform and with 
the boarding overlapping, as a protection from the weather. This suggests 
an advantage of horizontal siding over vertical boarding, as in the first in- 
stance only one or two boards would be subject to rapid decay, whereas the 
ends of all vertical boards would be subject to decay from moisture. A very 
economical manner of framing is that used in the large export plant illus- 
trated in Plate II. In this instance the paving that forms the floor and plat- 
forms is laid continuously and supports the light weight of the wood-end wail. 
The sill is 4 by 4 inch pine cut in between the main roof supports. The ends 
of this sill rest on the cast-iron plate carrying these roof posts, and the sill 
is supported at intermediate points by small cast-iron plates having a lug, 
or knob, projecting into an auger hole bored in the sill to prevent displace- 
ment of the support. The main roof-supporting posts, for both the wall and 
interior locations, rest on plates supported by small concrete or brick -piers. 
Where such construction is used, it is important that the floor be raised about 
one and a half inches above the platform, the change of level being made at 
doorways by a slope inside the compartment and elsewhere by an abrupt drop 
or a slope back of the siding. Otherwise blowing rain will resuit in water 
damage to cotton near the walls. Studding for weatherboarding should be 
Set about 24 inches apart. Where there is more than one story the wall for 
each story should be of separate lengths of studding. The upper wall framing 
should be carried by the respective floors. 


washed, stained, 
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inches, provided it is suitably tied or braced against wind and 
guarded from the piling of cotton bales against it. These precau- 
tions are absolutely essential. Disregard of them with consequent 
failure from wind is shown in Plate XXVIT. Here the hight thin 
tile wall was completely demolished by wind. It should be noted 
that the wall fell outward—a very common result of the “sucking” 
action of wind on the unexposed side of a building. It is stated on 
good authority that the storm which destroyed this wall was not 
extraordinarily severe. Clay tile may be used satisfactorily, how- 
ever, for thin walls, provided the wall is sufficiently braced by 
pilasters or other device. The wall should be built independently 
and outside of framing supporting the roof. This reduces the ex- 
tent of possible wind damage, permits ready breaking through in 
case of fire and lends itself to economy and efficiency im original 
construction.’ Such a wall is economical in upkeep and affords far 
less spark and ex erior fire hazard than the wood -end. . This Pe 
of wall may be termed a paneled tile curtain wall.t 
Doors and windows for either the wood or tile wall should be 
provided in the manner described for masonry walls for slow-burn- 
ing construction, except that there is never any occasion for doors 
to be tin covered. It is best that windows be glazed with wire glass 
in order to reduce breakage. There is no objection to omitting win- 
dows entirely so far as dealing with fire is concerned, as either type 
of wall can be broken through readily. Steel sash are economical 
when upkeep is considered, even when used in a frame wall, but wood 
sash may be used if desired. 


DIVISION FIRE WALLS. 


Division fire walls in their relation to the frame exterior wall 
are shown by Plate XXVI. The T wall construction is shown by 


*Paneled tile curtain walls should not exceed 15 feet in height. Wor heights 
‘less than 10 feet, 6-inch tile is suitable, while for heights of 10 feet or more 
8-inch tile should be used. Pilasters should be constructed at intervals of 10 
feet or less on centers and should be at least 1 foot wide. The pilasters should 
be coincident on each side of the wall and should have a total thickness of at 
least one-eighth the height of the wall. Tile blocks should be laid with joints 
well broken and tiles forming the pilaster should be bonded with those forming 
panels. The pilaster construction requires that these blocks be laid on end. — 
Good bonding is secured by laying metal wall ties, metal lath, or even strips_ 
on 1-inch mesh poultry wire in the horizontal joints. This last method is fairly 
satisfactory and involves extremely little cost. Door openings should be laid 
up with brick reveals forming pilasters of the usual dimensions. The lintel 
may be constructed very economically by inserting a steel rod in a row of 
blocks filled with concrete. The blocks are stood on end in the number re- 
quired for the lintel, the steel and concrete is inserted, and the lintel is left 
in this position until the concrete has set sufficiently for use. 
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figure 2 of this drawing. The width of the part of the T that 
forms a section of the extericr wall should be 6 feet. Only very 
exceptional conditions demand the increase of this length. If a 
wooden platform is used the portion of the platform adjacent 
to the T of the division wall should be of concrete. This may be 
a paved section supported by low wall and earth fill or it may be of 
reinforced concrete. The exterior wall shown by figure 1 forms 
fully as good a fire break as the T wall and is much cheaper in 
construction. If the platform is of wood it should be broken at 
the division fire wall by a paved section 6 feet or more in length 
as shown by the drawing. The extension wall itself should project 
3 feet beyond the frame or tile exterior wall. Such extensions should 
not be counted in the length of the wall for determination of ex- 
cessive length as effecting thickness. Neither is it necessary that 
the required wall thickness be used for this portion of the wall, as 
12 inches is satisfactory. For either design the top of the division 
wall, including the extension or T section, should extend .3 feet 
above the roof and should be finished with a coping as described 
under “ Slow-burning construction.” As in that instance, the para- 
pet should be 12 inches thick, this same thickness being used for 
the T wall or the extension for any reasonable height of wall. 

The same factors governing preferred designs are to be found 
here that were pointed out in the discussion of slow-burning con- 
struction. The features of compartment size and number of stories 
are the same. The use of concrete platforms is even more im- 
portant than in the former case. The exterior wall should be of 
light framing weatherboarded and should provide sliding wooden 
doors. Thin tile curtain walls‘may be used to good advantage, but 
do not justify a very great increase in cost over the frame. Divi- 
sion fire walls may terminate in either manner described. The T 
wall costs more but is an advantage if platforms are narrow. The 
projected extension wall affords fully as satisfactory protection. 

The roof of the eaves should extend over the wal] about 12 inches. 
A hanging gutter is a very desirable finish. Wind anchors for 
roof timbers at exterior walls of frame are of little value, but if 
the exterior wall is of tile, suitable anchors of wrought iron should 
be provided at pilasters. Posts should be secured to roof framing. 

A good example of this semislow-burning construction adapted 
to trying conditions of the site is shown in Plate XXVIII, figure 1. 
Here the basement is well drained and the floor waterproofed. The 
fire hazard incident to the wooden platforms is minimized by the 
fact that the platform is really detached from the building as shown 
in the detailed photograph (Pl. XXVIII, fig. 2). This view also 
shows the fire break formed by the division fire wall. 
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The selection of wood for the cotton warehouse is generally re- 
stricted to Southern pine, as the majority of cotton warehouses are 
located in the southern part of the country where that wood pre- 
dominates. This natural limitation is not a disadvantage as the sev- 
eral species of pine meet almost every need for timber construction 
of the warehouse. Southern pine is among the most suitable timber 
also for warehouses in the Northeast and other sections of the coun- 
try, but in these locations the relative economy of fire-resistive con- 
struction should insure its adoption. 

Among the varieties of pine available and suitable for warehouse. 
purposes are those commonly known as longleaf and shortleaf, there 
being several varieties with more or less distinct characteristics 
which are very roughly but commonly spoken of under these terms. 
The longleaf pine is superior for most structural purposes to the 
other varieties. Some of the chief advantageous qualities that have 
been accredited to longleaf pine are due to the characteristic long 
timbers comparatively free from defects. However, it is so nearly 
impossible (and certainly impracticable) to identify the different 
varieties of pine after they are sawed into timbers that great dis- 
satisfaction has arisen over the specification of “longleaf pine” and 
this method is giving place to the “density method” of grading 
Southern yellow pine.t 

Economy in the quality of timber used for the cotton warehouse 
generally should be affected by the use of “ dense ” timbers for beams 
and “sound” timbers for posts, all free from serious defects, and 
acceptance of lumber of a somewhat lower quality for the heavy 
floor and roof planking. The usual load is so ight that the thick- 
ness required to affect slow-burning makes defects such as sound 


*The basic principle of this method is that pine timbers having a large 
percentage of Summer wood in proportion to spring wood—as shown on the 
end section by the dark-colored rings being close together or relatively wide 
or both—is much stronger than timbers of rapid growth as indicated by a 
small ratio for the area of dark rings. Hiven that variety of pine generally 
known as “loblolly” shows a fair degree of strength when dense timbers 
are selected. The U. 8S. Forest Service has conducted very complete tests 
for determining a fair method of arriving at the relative structural merits 
of Southern yellow pine. The report of the Forest Service was adopted by 
the Southern Pine Association in January, 1915, and by the American Society 
for Testing Materials in August, 1915. Now specifications may be based upon 
the density, which is indicative of the unit strength for perfect timbers, and 
upon the location as well as the kind and size of defects. The recommenda- 
tions of the Forest Service as to density and defects and a discussion of the 
subject is contained in convenient form in an illustrated pamphlet issued 
by the Southern Pine Association, Very complete data on tests of wood is 
contained in Bulletin No. 556 of U. S. Department of Agriculture: Mechanical 
Properties of Woods Grown in the United States, 1917. 
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knots and cross grain less objectionable than for most purposes. 
Square edge plank free from wanes (bark or splintered corners) 
should be insisted upon. 

Wall siding and other planking which will be exposed to the 
weather or will be in contact with the earth preferably should be 
heart material, but, if it is to be kept well painted or is to be treated 
thoroughly with a preservative preparation, sap lumber may be used. 

Wood for fire-door cores—the door designed to be covered, with 
tin—should be nonresinous or nearly so; white pine or cypress is the 
best material. 

Paving blocks of wood are excellent for the compress compartment 
floor. It is desirable that these blocks be set with a pitch cement and 
be laid over a 3-inch rough slab of concrete. 

The tendency of wood to decay should be checked by either pre- 
ventive methods or preservative treatment or both. Decay of wood 
is caused by a fungus which, under moist conditions or through lack 
of ventilation or infection, affects the wood with alarming rapidity. 
This growth not only causes rapid deterioration in timbers infected, 
but spreads to other timbers in the building or in the lumber yard. 

From the present knowledge of the subject it appears that the 
occasional buyer of lumber may find his best protection in a thorough 
air drying of lumber as it is received. Timbers showing any indi- 
cation of white mold, which indicates the presence of the fungi, 
should be isolated. If the presence of “ dry rot” is suspected, as soon 
as the building is sufficiently complete it should be heated to a temper- 
ature of 115° F. and held at this temperature for at least one hour.t 

The firedoor core, or the wooden door proper which is covered with 
tin, is subject to dry rot, as the absence of adequate ventilation con- 
tributes largely to growth of the fungi. The heat treatment de- 
scribed is essential to the life of wood so to be used. The heating 


*After heating, the building should be thoroughly ventilated and the process 
preferably should be repeated for four consecutive days. If sprinkler equip- 
ment is provided it should be operative while the heating is in progress, care 
being exercised not to raise the temperature within 50° of the sprinkler 
head fusing temperature. In the usual case of warehouses not designed to 
be heated, the heat may be supplied by small stoves located on the ground 
floor with flues carried out through ventilator collars or openings. If the 
building is several stories in height, the plank for the upper floors should 
be laid loosely with 2-inch strips interposed between them and the support- 
ing floor timbers while the heating is in process. (Of course, this requires 
the cooperation of the sprinkler contractor.) Thermometers should be dis- 
tributed properly and carefully read, for under such conditions there will 
be considerable leakage of air and a wide range of difference in temperature 
at and far above the first floor. -It is apparent that extreme care must 
be exercised to prevent setting fire to the building. The unfinished building and 
materials should be insured and a representative of the insurance interest 
should be present while the heating is in process. 
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should be done before the tin is apphed, or preferably before the 
lumber is nailed together. 

In addition to the preventive methods and care described, pre- 
servative treatment should be used when trying conditions of 
humidity or poor ventilation have to be met. Discussion in some 
detail of such treatment is contained in yarious bulletins prepared 
by the Forest Service.? 

Checking decay already in progress in a building is done best by 
removing permanently all timbers affected noticeably and then sub- 
jecting the building to the process of heating and ventilating previ- 
ously described. Constant ventilation of the ends of timbers should 
be assured. : 

In addition to the strictly preservative treatment described, the 
application of oil paint to exposed woodwork is valuable. However, 
no effort should be made to paint wood already treated with creosote, 
as paint will not adhere to such surfaces. No paint or other surface 
applications should be made until lumber is dry and heavy timbers 
should not be painted for a year after cutting. Paint apphed to par- 
tially green lumber serves to retain the moisture and is conducive to 

rapid decay. 

Fire-retardant treatinent for wood has not been developed on a 
commercial scale applicable to the warehouse. The only practical 
methods of increasing the resistance to fire offered by this wood con- 
struction is a surface application of whitewash or a water paint of 
similar character, or a few other paints carrying chemicals of fire- 
retardant properties. The most effective of these are limited to 
interior use. No such treatment can be relied upon to retard the 
spread of a hot fire.® 


Information on the subject of yard piling and seasoning of lumber is con- 
tained in Bulletin No. 552 of the U. S. Department of Agriculture: The 
Seasoning of Wood, 1917. Z . 

A very fine discussion on Dry Rot in Waceose Timbers is issued by the In- 
spection Department, Associated Factory Angel Fire Insurance Companies, 31 
Milk Street, Boston. 

?See U. S. Department of Agriculture Bulletins No. 101: Relative Resistance 
of Various Conifers to Injection with Creosote; No. 606: Relative Resistance of 
Various Hardwoods to Injection with Creosote; No. 145: Tests of Wood Pre- 
servatives; No. 286: Strength Tests of Structural Timbers Treated by Commer- 
cial Wood-Preserving Processes. 

3 Below is a satisfactory formula for whitewash for interior use. For exterior 
use the glue and rice should be omitted and it should be remembered that no 
whitewash is really satisfactory when exposed te weather. 

Slake one-half bushel of unslaked lime with boiling water, keeping it covered 
during the process; strain it and add a peck of salt dissolved in warm water; 
8 pounds of ground rice, put in boiling water and boiled to a thin paste; one- 
half pound powdered Spanish whiting and a pound of clear glue dissolved in hot 
water; mix these well together and let the mixture stand for several days. 
Keep the wash thus prepared in a kettle or portable furnace. and when used 
put it on as hot as possible with painter’s or whitewash brushes. 
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CAUTION: THIS IS NOT A COMPLETE WORKING PLAN. 
~ It should be adopted and amplified by detailell drawings ond 
Specifications supplied by on engineer. aa 
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FRAME CONSTRUCTION. 


_ Frame construction for the cotton warehouse may be used in some 
cases. Such buildings should not be of the ordinary joisted construc- 
tion, with very light rafters and thin sheeting. The roof should be 
of the same construction as that described for semi-slow-burning, and 
the walls should be the same as those used for the “ wood end.” It is 
essential that such buildings be well separated, a distance of 100 feet 
being required between each building and any other building. Such 
an arrangement generally is not economical except in case of very 
low value of real estate. The cost of yard hydrant piping is increased 
very much by this necessary scattering of buildings. 

If conditions warrent the frame construction it is well to arrange 
the buildings in a straight line in order that possible expansion of 
capacity may be eifected by closing in the intervening space, thus 
forming additional compartments in such manner as to be divided 
by fire walls suitably placed. Therefore it is well to adjust the area 
and height of the buildings in such manner as to give for them and 
the future additions the capacity advised for compartments. Like 
the semi-slow-burning design, one story is most desirable and two low 
stories should not be exceeded. Wheve two stories are used, an in- 
clined runway, or platform, may be provided in order that cotton 
nay be trucked to the higher level. 

The construction of he roof—and floor, if there is an “tena 
diate, or second, floor—should be of the nee slow-burning type as 
this will greatly facilitate the extinguishment of fire and limit ex- 
tent of damage. Moreover, such construction is but little more ex- 
pensive than the light frame construction when the element of labor 
cost is considered. 


“TRON-CLAD ” CONSTRUCTION. 


The type of construction commonly known as “ iron-clad,” or the 
warehouse built of a light wood frame having sides and roof cov- 
ered with sheet iron, fulfills its greatest usefulness in the case of 
isolated small warehouses and is used largely on account of the 
economy with which it can be constructed. This construction is 
practically proof against exposure to sparks. However, the thin 
metal affords but little protection against heat to the framing and 
therefore the spacing of the buildings with reference to each other 
and surrounding exposures should be the same as is recommended 
for the frame warehouse. 
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The chief objection to the iron-clad building is that in case of fire 
the supporting framing is destroyed very quickly and the hot metal 
sheets fall upon the cotton and thus prevent the effective applica- 
tion of water. The result is that the amount of salvage from such 
fires is very small. 

For some climates the iron-clad warehouse has a certain disad- 
vantage from the standpoint of cotton storage because of the loss in 
weight caused by excessive drying-out in the great heat. This, how- 
ever, is not an inevitable result-as it depends upon the condition of 
the cotton when deposited, the local climatic conditions, and the 
period of the year during which the warehouse is used for cotton - 
storage. The field for this type of building may be considered as 
limited to the small country warehouse. 


AUXILIARY STRUCTURES. 


Most warehouse plants require other structures besides the ware- 
house buildings. The number and character vary with the size of 
the plant and the nature of the business. Such structures may in- 
clude detached platforms and sheds, classing room, sample file room, 
office, hose (or hydrant) house, pump house, and boiler house. Gen- 
erally speaking, the type of construction used for these is independent 
of that used for the warehouse itself. 


DETACHED PLATFORMS AND SHEDS. 


Detached platforms, either open or covered by sheds, afford great 
convenience for receiving, weighing, and sampling cotton. The ex- 
tent and arrangement depends on the arrangement of the plant and 
whether or not receipts are from wagons or cars. In any event such 
facilities should be ample from the standpoint of convenience to the 
management and the public and should allow the adequate protection 
of cotton from weather and fire. Consideration should be given to 
the type of scales used for weighing and the methods of handling 
employed. 

Platforms may be constructed of concrete and may be either ele- 
vated and of the reinforced concrete design, or may be simply a pave- 
ment resting on the ground or on an earth fill surrounded by low 
retaining walls. The pavement is the less expensive usually. Such 
platforms afford an excellent surface for trucking, present in them- 
selves no fire hazard, and require practically no expenditures for up- 
keep. If such construction is not feasible, heavy frame and planking 
on the order of slow-burning construction may be used. In the latter 
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case it is desirable that supporting piers of masonry extend up to the 
floor timbers as this eliminates framing and bracing which con- 
tributes to accumulation of trash under the platform with the conse- 
quent fire hazard and general unsightliness. For this reason, also, 
the space under the platform should be inclosed by boarding. 

Sheds should not be used in courts between buildings unless the 
warehouse is of slow-burning or fire-resistive construction. Even 
then the shed should not extend within 25 feet of the warehouse. 
Shedded courts combined with “wood-end” buildings, while pro- 
tecting the cotton under the shed, tend to make the whole plant or 
large sections of it a single fire risk, 

Sheds of the open type used over platforms or independent of them, 
may be of fire-resistive, slow-burning, or iron-clad construction. For 
most situations the use of the shed does not justify the cost of fire- 
resistive construction. The slow-burning construction is generally 
most suitable for this use. Sheds covering more than 25,000 square 
feet should be divided by fire walls so that no area will exceed this 
amount. Fire doors in such a wall should not be used unless inclosed 
by a vestibule as described previously. Division fire walls for this 
use should always terminate with the T end, which should be 20 
feet long. 


CLASSING ROOM AND OFFICE. 


A properly lighted room for grading the cotton samples is very 
desirable for many plants. Such a room is shown by the photograph 
in Plate X XIX, figures 1 and 2. The lighting here is excellent for - 
the work as the windows and saw-tooth skylights are turned to the 
north so as to maintain a uniform intensity and diffusion of light 
as far as possible. Windows and skylights should be of ribbed glass 
and walls should be painted a light grey in order to minimize the 
elare. The tables shown afford ample space for handling of samples. 


Racks or tables for the boxes containing copies of the Official Cotton 


Standards of the United States may be placed for convenient 
reference.* 

A file room for retention of samples of cotton stored is desirable 
and frequently is necessary. Some plants used an entire warehouse 
compartment for samples, but a detached building with the file room 
adjoining the classing room is preferable. Shelves should be so 
placed as to insure quick location of any sample. 


*See U. S. Department of Agriculture, Bureau of Markets Service and Regu- 
latory Announcements No. 6, 1916, and No. 41, 1919. 


¥ 
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Office space is needed in proportion to the size and business of the 
plant. The office should provide ample vault space for safe-keeping 
of all records. The character of the vault used should be suited to 
the possible test it might be subjected to. Usually a vault of 12-inch 
brick or reinforced concrete walls and roof of reinforced concrete 
with approved steel doors is satisfactory. It is important that the 
office be in a separate building from the warehouse, since each consti- 
tutes a hazard to the other when combined. 

A plan for a combined office, classimg room, and sample file-room 
is shown by Plate XXX. This plan should fill the requirements for 
a plant of 10,000 bales capacity. The drawing indicates remforced 
concrete construc- 
tion with steel sash. 
Fire- resistive con- 
struction is most de- 
sirable for such a 
building, and should 
always be used for 
protecting records 
and samples. Such 
buildings should be 
detached and well 
separated from the 
warehouse. 


HOSE HOUSES. 


: Hose, or hydrant, 
“dally for thres-and four way hydrants, es the atiaen | nOuSES (should... be 
ment of the hose to the side outlets of the hydrant provided at. each 
without any sharp bends is rendered possible. hydrant. The re- 
quirements for these have been so well worked out and standard- 
ized by the insurance boards that it is sufficient to state here that de- 
tailed plans and specifications for hose houses may be secured by ap- 
plication to the National Board of Fire Underwriters or the National 
Fire Protection Association. A view of one type of hose house is 
shown in figure 7. 


PUMP HOUSE. 


Tf the fire-protective requirements call for a pump house, it should 
be located in a position well removed from all exterior hazards. 
Even if the pumps are driven by steam from the boiler, the pump 
room should be either entirely removed or cut off from the boiler 
room by a fire wall. The construction of the pump house should be 
either fire-resistive or slow-burning, the former being the more de- 
sirable. 


\ 
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BOILER HOUSE. 


If a steam boiler is needed for the operation of a press or other 
purpose the boiler preferably should be in a house or compartment 


entirely detached from the compress and storage compartment. The 


building should be of fire-resistive construction. Slow-burning con- 
struction for the roof, however, is satisfactory provided all exposures 
to other buildings are well protected by parapet walls. If a detached 
boiler house is not feasible, a satisfactory arrangement is to have 
the boiler room entirely cut off from the other portions of the build- 
mg by fire walls. The dividing walls should be solid with all open- 
ings confined to the exterior wall and roof. 


FIRE-PROTECTIVE EQUIPMENT. 


Fire-protective equipment—frequently spoken of as “ fire protec- 
tion ”’—is of such importance for the cotton warehouse that its con- 
sideration should be given at least equal weight with the type of 
construction to be used. The warehouse owner will do well to con- 
sider very complete fire protection as essential and to provide the 
best equipment he possibly can afford. For many conditions, if 
capital is limited, it is advisable to determine the necessary appro- 
priation for fire protection and then decide on the type of construc- 
tion which can be undertaken. At the same time it should be borne 
in mind that this equipment can be added after the warehouse is 
built, while the building construction can not be changed readily. 

The relative cost at which different features of the equipment 
may be provided depends in a large measure on the location and 
the size of the plant. Certainly no warehouse is so small or isolated 
that it can not be furnished with water barrels and pails, though 
frequently small warehouses can not provide complete fire-protec- 
tive equipment. The automatic sprinkler system and yard hydrants, 
both connected with adequate water supphes, should be provided in 
all cases possible. Any warehouse having a capacity of more than 
1,000 bales of cotton should have either hydrant or sprinkler equip- 
ment, and at least one of these forms of protection should be con- 
sidered absolutely essential. The need for complete fire-protective 
equipment can scarcely be over emphasized where cotton is con- 
cerned. 

Watchman service should be provided in many cases. The value 
of this service varies greatly with the size of plant and character of 
the service, while very small warehouses can not afford the expense. 


WATER BARRELS AND PAILS. 


Barrels filled with water and suitably placed are of tremendous 
value in protecting cotton. That barrels filled with water with fire 
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pails at hand are always a familar sight to the employees is in 
itself a valuable asset. The simplicity of this equipment is: also 
advantageous, for even the most ignorant laborer can not fail to 
understand its use, though he might be confused by valves and ex- 
tinguishers. It would seem that this subject need not be dwelt upon, 
but there are many warehousemen who overlook this simple supply 
of water or who give the matter little attention, 

Water barrels should have a capacity of 60 gallons. The ordinary 
commercial oil barrel with one head removed serves this purpose 
well. The location of the barrels should be such as to insure atten- 
tion as well as convenience when needed. The space between doors 
on the outside of the wall is very good. If the areas are large, 
barrels may be distributed (in pairs) throughout the compartment. 
‘This condition usually exists at a compress. Pails should be kept 
filled and hung over the barrels, ready for instant use. The pails 
should be of one of the approved fire-pail designs of heavy galvanized 
iron. Their capacity varies from 10 to 16 quarts, the 12 and 14 
quart size being most common. The bottom should be rounded or 
cone shaped so that the pails will be used only for the intended 
purpose. They may be painted red and should have the word 
“ Fire” stenciled on the outside. 

The number and location of barrels will depend somewhat on the 
arrangement of the building and other fire equipment provided. For 
usual conditions one barrel and two pails per 1,000 square feet stor- 
age will be ample. The essentials of location are that barrels are 
convenient both for use and for attention. A good arrangement is 
shown in Plate XX XT, figures 1 and 2. 

Tn winter the water in the barrels and buckets should be treated 

vith sodium chloride (common salt) or calcium chloride, either of 

which will prevent freezing. The fouling of the water may be pre- 
vented by the addition of slaked lime (calcium hydroxide) or calcium 
chloride. Charcoal is also beneficial in preventing odors. Unless 
water is treated in winter to prevent freezing the value of water 
barrels may be very much reduced. 


*Barrels which are to be used for the sodium chloride solution (unless made 
with wooden hoops) should be reinforced with three-eighths inch round 
wrought iron hoops kept well painted, as the flat hoops soon rust out. Barrels 
which are to be filled with calcium chloride should be coated inside with 
asphaltum paint to prevent leakage. 

The following tables give the quantities of calcium chloride and of sodiunt 
chloride which may be added to water and the resulting reduced freezing tem- 
perature, The specific gravity table is useful in testing at intervals for deter- 
mination of the condition of the water. When barrels are refilled (as in 
replenishing losses from evaporation) care should be taken to insure thorough 
mixing of the added water; otherwise the fresh water will float on top of the 
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CHEMICAL EXTINGUISHERS. 


Chemical extinguishers are of two general types. One contains 
a reservoir of water with chemicals so arranged that, when the ex- 


tinguisher is inverted, the chemicals produce a reaction with result- 


ing pressure which is capable of discharging the water with consid- 
erable force. The other type of extinguisher generates a gas which 
clings about the fire and does not support combustion. While both 
types of extinguishers are of value in some cases, neither of them 
should be depended upon for the cotton warehouse or compress, as 
water barrels and pails are more satisfactory particularly where ig- 
norant labor is employed. There is possibly some advantage in hav- 
ing one 24-gallon extinguisher at the compress tower. 


YARD HYDRANT SYSTEM. 


An adequate system of yard hydrants fully equipped and main- 
tained is one of the greatest assets of a warehouse plant. Unfor- 
tunately, the value of the yard hydrant installation is often impaired 
because the hydrants are not located properly or because the equip- 
ment has deteriorated. Hydrants should be housed with all equip- 
ment ready for use as shown in figure 7. 


heavier solution and the purpose of the treatment will be defeated. The data 
given for calcium chloride is based upon the chemically fused product generally 


used for refrigeration purposes. The tables are adapted from those given in 


Van Nostrand’s Chemical Annual, 


Treatment of water with sodium chloride, or common salt. 


Freezing point. Specifie | Weight of 


: F Density 
Sodium chloride per gallon solution. § ,_————__ eet aes at 59° F., 
7 
Fahrenheit. |Centigrade.| 15°C. gallon. ee: 
° ° oF 
O44 pound, on) 7‘ounces 2.2. 2.25.5. --5.-- +25. 4 —3.7 1..037 8.7 nae 
@:9 pound, or TS:0UNCES.. . . eee eee +18.6 — 7.4 1. 073 9.0 9.9 
1.22 pounds, or 1 pound 4 ounces. .-.-.....- +12. 2 —11.0 1.1115 9.3 14.5 
1.92 pounds, or 1 pound 15 ounces... --.....- + 6.9 —13.9 1,150 9.6 19.0 
2.5 pounds, or 2 pounds 8 ounces........... + 1.0 —17.2 1.191 9.9 23.3 
Treatment of water with calciun chloride (fused 75 per cent CaCl). 
Freezing point. Specific | Weight of | poncit 
Amount calcium chloride per gallon ofsolu- gravity solution at ose E 
tion. at 68° F., per 20°C.” 
Fahrenheit. |Centigrade. 20° C. gallon. : 
° so] ° B. 
1.46 pounds, or 1 pound 7 ounces... .-...-.-- +18.0 — 7.8 ep: 9, 2 13.0 
1.83 pounds, or 1 pound 13 ounces. ....-...-. +12.5 —10.8 1.125 9.4 16.0 
2.20 pounds, or 2 pounds 3 ounces. ..-.--..-- + 6.5 —14.2 1.15 9.6 19.0 
2.59 pounds, or 2:pounds 10 ounces. ..--.-.- — 2.0 —18.9 1.175 9.8 21.3 
2.99 pounds, or 3 pounds... .......-.------ —12.5 —24.7 12) 3 10.0 24.6 
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Hose houses have been standardized fully by the insurance boards, 
from whom complete drawings and specification may be obtained. 
The general requirements are that each hydrant should be equipped 
with. 100 feet of hose attached to hydrant and nozzle and an addi- 
tional 100 feet coiled on the shelf; there should be one additional 
play pipe holder, four spanner wreuches, and one heavy mill lantern 
and two axes; unless the hydrant is controlled by a large hand wheel, 
there should be a wrench always attached and a spare wrench at 
hand. Hydrants should be frost proof and twe or three way—that is, 
they should have two or three outlets. It is desirable that the out- 
lets be equipped with gate valves. If the warehouse is located in or 
near a city the hose couplings should have the same thread as that 
used by the city fire department or else adapters—coupling with 
threads to fit the city connection on one end and the regular thread 
on the other end—should be provided. The play pipe referred to 
should be a smooth copper or brass tapered tube, 30 inches long, 
wound and painted. It should terminate with a 14-inch nozzle. The 
hose should be 24-inch cotton, rubber lined. Its durability is 1m- 
proved by running water through it several times a year. When this 
is done care should be taken to see that the cotton fabric is well dried 
before the hose is put away. . 

The subject of standardization of hydrant and hose threads is of 
great importance and lack of standardization has caused serious fire 
losses. Notable among such cases is that of the cotton fire of Au- 
gusta, Ga., in 1916, when fire forces with hose were sent from 
Waynesboro, (32 miles), from Macon (125 miles), and from At- 
lanta (171-miles), all to find themselves unable to use any of their 
hose because. the threads did not fit the hydrants at Augusta. The 
estimated property loss was over $4,000,000. It is sometimes the 
case that city threads are not standard and therefore should be 
changed. In such instances it will be well for the new warehouse 
equipment to conform to the “National Standard” and be equipped 
with “adapters” during the time the city equipment is not standard. 

The hydrants should be on mains of not less than 6-inch diameter 
with supply connection of equal size, or greater as the size of the 
plant demands. The mains should be arranged to form a loop 
system divided into sections so that the forced abandonment of a 
flowing hydrant would not dissipate the pressure or supply of 
water. This also allows repairs to be made with a minimum of 
interference to the system. Hydrants and valves should not be 
located nearer the building than 50 feet as the heat from fire 
might otherwise make their use impossible. If the court between ~ 
buildings has to be less than 100 feet (a deplorable condition) or 
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Fic. t.—A “WooD-END” WALL FULLY PROTECTED BY EAVES SPRINKLERS. 
Note also the location of water barrels and fire pails ready for use. 


Fic. 2,—A RIVER WHARF OF INEXPENSIVE CONSTRUCTION. 
The entire area is covered and fully protected by automatic sprinkler equipment. 


PLATE XXXII. 
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A WELL-EQuIPPED HOSE RACK AND STANDPIPE FOR USE ON PLATFORMS 


OF UPPER STORIES. 
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if tracks conflict with the preferred hydrant location, the hydrants 
should be staggered, that is, alternate hydrants should be placed 
50 feet or more from the building or storage area considered, the 
remaining hydrants being similarly located with reference to the 
other building. The hydrants should be spaced at intervals of from 
150 to 250 feet, depending on the risk. The arrangement desirable 
for some conditions is shown in Plate II. It may be seen that 
hydrants are placed in the center of the clear space of 100 feet, 
except that where tracks interfere the hydrants are placed alter- 
nately on either side. The entire proposed system of hydrant pro- 
tection should be approved by the insurance rating bureau and in- 
surance concessions should be arranged before the work is begun. 

The effectiveness of hydrant equipment depends largely on the 
volume and pressure (under fiow) of the water supply. This is 
discussed in some detail under the head of “ Water supply,” but 
it may be stated here that the minimum requirements for pres- 
sure should be such that two streams—from any hydrant—flow- 
ing through 100 feet of hose and a 14-inch nozzle will discharge 
950 gallons per minute each. Good working pressure is from 60 


to 80 pounds. 
STANDPIPE SYSTEM. 


Warehouses of more than three stories in height or haying the 
third fioor more than 30 feet above the ground should be equipped 
with a system of standpipes. This is a valuable adjunct to the 
hydrant system under such conditions. Standpipes should be lo- 
cated in such manner as to be accessible during fire and provide 
available streams for any compartment. The distance between the 
risers should be governed by the proportions of the compartment 
and the amount of hose provided. In nearly all cases standpipes 
should extend through platforms and provide an outlet for each 
platform. 

Water connections may be such as to keep the pipes filled with 
water or the connection may be such that water is admitted only 
when needed. The first, or wet system, should be used whenever 
possible, as it provides an instant supply of water. If the pipes 
must be kept emptied in winter it is desirable to provide mechan- 
ical control on each floor for operating a control valve protected 
from freezing. If this can not be accomplished there is likely 
to be delay in geting water to the hose in case of fire. Dry-pipe 
risers should be galvanized. 


*If the wet-pipe system (with pipes filled with water to the hose valve is 
used, the hose valve should contain a drip outlet and be turned in such posi- 
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AUTOMATIC SPRINKLER SYSTEM. 


The automatic sprinkler system is particularly well adapted to the 
cotton warehouse. There are few conditions which justify a ware- 
house of any reasonable size being without the sprinkler protection. 
Aside from the actual reduction in fire damage throughout the 
country by its use, the warehouse owner nearly always will find the 
automatic sprinkler a good investment from the standpoint of reduced 
cost of insurance. A recert survey of warehouse facilities, made by 
the Department of Agriculture, showed that out of 1,768 cotton ware- 
houses reporting the 133 which were sprinklered had an average in- 
surance rate of 36 cents while those not sprinklered had an average 
rate of $2.48 per annum per $100 valuation on contents. Moreover, 
the record of fires held in check or extinguished by the sprinkler sys- 
tem is most satisfactory. These facts give some idea both of the value 
of protection and saving in cost of insurance which the warehouse- 
man may secure by sprinkler installation. 

Automatic sprinkler installations are shown in Plates XVI, XXII, 
XXXI. The views show the sprinkler heads, or nozzles, placed so 
that a spray of water will be thrown over the ceiling and the cotton 
when a fixed temperature is reached, usually 165°. As shown, the 
piping is arranged and quaranetnanedl to give promptly an ade- 
quate amount of water flowing from a number of heads, provided the 
supply is satisfactory. These are the results which all requirements 
for sprinkler equipment are aimed to secure. } 


tion that water leaking past the valve will not rot the hose at the connection. 
This is a potent source of deterioration. Also, if the pressure is likely to be- 
come very high, as from direct pumping, the riser outlet should be equipped 
with a relief valve which would discharge and so dissipate the water pressure 
in case it exceeded the safe pressure for the hose. Usually one such valve for 
each riser is sufficient. 

Each standpipe outlet should be provided with a complete hose station, each 
equipped in about the same manner as the hose house previously described. 
An exception to this equipment is that the hose may be linen, unlined, and 
for most cases the two lengths of hose need be only 50 feet each. The exact 
amount of hose depends, of course, on the arrangement of the system and 
building. The size of hose usually should be the same as that for the hy- 
drants, though frequently 13-inch hose is satisfactory. The size of the riser, 
however, need not exceed 4 inches and frequently may be less, depending on 
the number of stories. The water supply usually should be from the hydrant 
system. One outlet for each floor from each riser is satisfactory for most 
eases. A simple hose station is shown in Plate XXXII. 

Standpipe systems, like the hydrant systems, have been standardized com- 
pletely. The arrangement and specifications should be decided after con- 
sultation with the insurance inspection department having supervision. In 
this way the warehousemen may secure such recognition of equipment as the 
system entitles him to. 
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Automatic sprinkler systems for most conditions are one of the two 
general types, known as the “ wet” or the “dry” system. In the 
wet system the pipes are filled constantly with water, while in the 
dry system the pipes are filled with air under pressure. In this latter 
case the fusing of a head from fire allows the air to escape and thereby 
unbalances the water pressure which in turn actuates a valve which 
admits water to the system. This valve is known as the “ dry-valve.” 
The wet system should be used wherever there is no danger of the 
water in the pipes freezing in winter. Where the climate affords this 
danger of freezing, the diy-pipe system should be used. Some of the 
advantages of the wet system are that water is discharged instantly 
upon the fusing of a head, the possible failure of a dry-valve to 
open is avoided, and the cost of installation is less. 

Sprinkler systems may be arranged so that the pipes are filled with 
water in summer and yet operated as a dry-pipe system in winter. 
This may be accomplished by a supply pipe or “ by-pass,” extending 
around the dry-valve so that when the “by-pass” is open, water does 
not flow through the dry valve. Such an arrangement is very de- 
sirable. 

One of the first questions to be decided is whether the system shall 
be wet or dry. If in doubt, the best procedure is to get bids on both 
systems and also a definite expression from the insurance rating 
bureau having supervision, as well as to make a careful study of 
local temperature records for a number of winters. In some instances 

the “eaves sprinklers” may be connected to the main system through 
a gate valve and drip so that the exposed piping can be drained dur- 
ing cold nights. However, no chances should be taken toward hay- 
ing a frozen-up sprinkler system. These statements refer, of course, 
to unheated buildings. 
_ Sprinkler heads, or nozzles, should be so placed that all ceiling 
area and goods may be reached by the spray. The protection should 
be extended to include all platforms on which cotton is handled. 
The heads should be arranged to give the best protection in con- 
sideration of the construction of the building. The various draw- 
Ings previously shown indicate a suitable. arrangement in several 
buildings. Usually there should be one line of sprinkler heads down 
the center of each bay (space between timbers) for bays not ex- 
ceeding 12 feet in width. The spacing of the head should not exceed 
12 feet in either direction and preferably should not exceed 10 feet. 
- Sprinkler heads nearest walls should not be farther from the wall 
than half the spacing between heads. With these provisions met, 
there may be allowed one sprinkler head to not exceeding 100 square 
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feet of floor area. However, a greater number of heads is very 
desirable, one head for every 80 square feet being preferred.* 

The dry-pipe system demands the use off an air compressor for 
maintaining air pressure in the pipes. A hand compressor is not at 
all burdensome for warehouses not exceeding 10,000 bales capacity. 
If the pipe joints are tight the leakage of air should be so slight that 
the system will need to be pumped up only once a week. The pressure 
valve, however, should be read every day. 

All valves supplying the sprinkler system should be kept open and 
sealed or tagged conspicuously and inspected frequently in order to 
insure prompt action of the sprinklers. It is well for the manage- 
ment to keep a record of systematic inspections. Several members 
of the force and all foremen should be familiar with these valves. 


*The position of the head with reference to the ceiling and goods is of the 
utmost importance. Usually the distance of the head below the ceiling should 
be from 3 to 10 inches, 6 or 7 inches being preferred. In the case of fire- 
restrictive construction, protection of the ceiling is of less importance, and the 
drop of the head may be increased. These requirements are appreciated 
when the roof contains monitors or saw-tooth skylights.-:In any case the 
sprinkler head preferably should be as much as 8 feet above the surface of 


_ cotton bales, while this distance should not be less than 18 inches, even if 


sprinkler heads are only 8 feet apart. Care should be taken to see that heads 
are not placed so close to the side of beams that the spray is obstructed. 

The arrangement of piping and the size is of vital importance to effective 
sprinkler operation. If pipes are too small in proportion to their length and 
to the number of heads supplied, the efficiency of the equipment is vitally 
impaired in case of a number of heads opening, as this results in a marked 
reduction in pressure and volume of water delivered. 

This suggests the importance of a suitable location for the sprinkler “ riser ” 
which supplies water to the system. A comparison of the plans previously 
illustrated will show that for compartments 50 by 100 feet the riser is placed 
in a corner; for compartments which are 100 feet square the riser should be 
at the center of one side, while for compartments less than 100 feet in one 
dimension and greater than 100 feet in the other, the riser should be located 
at the center of the long wall; and if the compartment is greater than 100 
feet in both dimensions, the riser should be at the center of the area, as shown 
by the photograph in Plate XXII, figure 2. It is desirable that. the riser 
always be placed at the center of the area, but there are frequently practical 
difficulties involved. For example, in a story of 83 feet the clear height below 
beams is usually only 7 feet or less; obviously the lateral supply pipe extending 
from the riser and at right angles to the beams (between which the branch 
lines carrying sprinkler heads are located) would have to be so low as to 
seriously obstruct truckers—hence the advantage of having this supply line 
next to a wall. On the other hand, there are instances where alternate beams 
are carried by a line of girders, in which case it may be best to place the supply 
line under the girders in order that the branch lines may be kept well up 
between the beams. In the case of reinforced concrete girders of very great 
depth it is sometimes desirable to provide pipe thimbles (holes) in the girders 
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The effectiveness of the sprinkler system depends largely upon the 
immediate availability of water under adequate pressure. A sprinkler 
supplied with water at 10 pounds pressure will discharge about 20 
gallons of water per minute, while with the pressure at 60 pounds 
the head will discharge nearly 50 gallons per minute and distribute 
the water better. The pressure adopted should be governed by the 
resulting pressure under flow considered with the cost under the 
given conditions. For example, gravity tanks, generally used as a 
primary supply, should have such elevation that the bottom of the 
tank will be at least 30 feet above the highest sprinkler head. This 
subject is discussed further under the head of “ water supply.” 

The automatic alarm service which the sprinkler system affords 
is a most valuable feature. These alarm gongs may be controlled 


in order that the supply line may be run through them, but this arrangement 
should be avoided if possible. 

All pipe lines should be supported securely and in such manner as to secure 
a permanent grade for drainage of the system. Sprinkler heads always should 
be turned up. 

In the arrangement of piping and heads for reinforced concrete buildings of 
several stories there! will be found frequently a great advantage in the use of a 
“flat-slab”’ system of construction in that fewer sprinkler heads may be re- 
quired or a reduction in story height may be permissible. In any type of con- 
struction a slight increase in cost of the building, due to spacing or arrange- 
ment of beams, ete., may be more than justified by a Saving in cost of sprinkler 
equipment. Therefore, it is well to plan always for the possible use of sprinkler 
equipment even though it can not be installed immediately. 

It is of primary importance that there be a proper arrangement of supply 
lines and control valves. It is essential that the control valve be so located 
as to be accessible during fire for conditions may arise making it desirable to 
cut off the supply of a section, as, for example, if the roof of one compartment 
collapsed; otherwise the water supply and pressure may be dissipated to such 
an extent as to impair the operation of the whole system. Therefore, it is de- 
sirable that each compartment system be controlled by a post indicator gate 
valve (a valve which registers whether open or closed) located if possible 40 
feet or more from the building. ‘There should be no valve inside the com- 
partment as they may be closed inadvertently. In the case of a dry pipe sys- 
tem one dry valve may be used for the equivalent to five single-story com- 
partments each 50 feet by 100 feet. In such case it is desirable that the dry 
valve be located 50 feet from the building, with the supply from the dry valve 
controlled by a post indicator valve. On the discharge side of the dry valve, 
and beyond the dry-valve by-pass, mains should be taken off to each com- 
partment, each main controlled by a separate gate valve, preferably of the out- 
side screw and yoke type. These valves, with the exception of the post indicator 
supply valve, should be located, preferably, in the pit with the dry valve. 
Some plants provide the dry valve near or inside of a compartment, thus af- 
fecting a considerable saving in piping. Such an arrangement is satisfactory, 
but is not so good as that previously described. 

When the dry valve is used, it should be placed in a frost-proof pit under- 
ground or in an insulated frost-proof room. It is an easy matter to prevent 
freezing of the valve at locations in the cotton belt, but farther north a small 
amount of heat must be provided. 


70 BULLETIN 801, U. S. DEPARTMENT OF AGRICULTURE. 


by a water motor which operates the alarm when there is move- 
ment of water flowing through the pipes; or the alarm may be 
operated by electricity, the operation being caused by a flow of water. 
The water motor alarm is generally used for the cotton warehouse. 
There should be a separate alarm for each branch main, which usually 
means a separate alarm for each compartment. (See the discussion 
of signaling systems.)+ 

The warehouseman who is considering sprinkler equipment would 
do well to employ an engineer to handle the contract and negotiate 
with the insurance companies. The warehouseman, however, may 
be able to get information as to the cost of such equipment by apply- 
ing to the sprinkler company’s engineers, but he should secure in- 
surance concessions before letting the contract in order that he may 
know what saving and increased revenue will be affected. Some 
plants can pay for sprinkler equipment by resulting insurance sav- 
ings of a few years. 


WATER SUPPLY. 


The water supply available or which may be secured at a rea- 
sonable cost frequently limits the fire protection of small warehouses. 
Under most conditions a warehouse should not be constructed unless 
a reasonable supply of water can be provided. 

Water supplies are considered as “primary” and “secondary ;” 
the first being the source from which water is furnished automati- 
cally to the sprinkler or hydrant systems, while the secondary supply 
is the means for supplementing the first. The secondary supply may 
be controlled automatically or by hand. 

The usual supply of water for the warehouse is the city main con- 
nection and a gravity tank, the tank, used as a primary supply, being 
filled from the city mains. The tank gives a constant head of 
water in case the city supply is interrupted, so it is of greatest im- 
portance that the tank be kept full. For the warehouse plant of 
ordinary size such a supply is all that should be required provided 
the city supply itself is satisfactory. Fairly good protection is 
afforded by the city connection alone, the objection to this being 
that water may be cut off at times for work on mains. 


*The detailed requirements of the sprinkler system have been so completely 
worked out by the National Board of Fire Underwriters that it is undesirable 
to have duplication of these specifications here. Moreover the sprinkler sys- 
tem involves the use of various valves and other equipment which must be 
tested by engineers such as the service supplied by the Underwriters’s Labora- 
tories. 

For warehouse plants maintaining a central watch station, or for other 
extensive plants, the automatic supervision service should prove of value. 
This consists of a system of electric signals which will give an alarm and 
register at the watch office any interference with valves, water supply, pressure, 
flow of water or low air pressure of the dry system. 
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If the warehouse plant is very large and a satisfactory city supply 
is not available, the gravity tank should be used as the primary 
supply and suitable pumps with abundant water available should 
constitute the secondary supply. These supplementary pumps are 
always desirable for a very large plant. With the combination 
of tank and pumps the system is complete in itself, as the pumps 
may be used for filling the tanks, though these may be filled from 
the city supply. 

The water pressure maintained for hydrant protection should 
be from 50 to 80 pounds, the minimum being that which will give 
two standard hose streams as previously described. The actual 
delivery of water is made the minimum test because the actual pres- 
sure under flow may be very much less than that normally registered 
by the pressure gauge, because of the length, small size, or bad condi- 
tion of the yard piping. The pressure used for the sprinkler system 
may be that used for the hydrant system, the same supply lines 
being used for both. Ifa low gravity tank constitutes the sprinkler 
supply, the bottom of this tank should be at least 30 feet above 
the highest sprinkler heads. In many instances the gravity tank 


is from 75 to 100 feet high. Frequently an elevation of the ground 


can be used to advantage in affecting a saving in lreight of the 
tank tower. 

The yard piping system should always be arranged as a “loop 
system ” so that water from any source can be delivered to any point 
without undue friction loss. The system should be divided into 
sections by post indicator gate valves in order that changes or re- 
pairs may be made in any part of the line without putting the en- 
tire system out of use. Repairs and changes, when necessary, should 
be made with as little interruption to the service as possible. The 
loop and section arrangement is of great value in case of a severe 
fire when open hydrants may have to be abandoned as such an 


*+Each source of water supply should be protected against every other supply 
by check valves. The need for this is apparent from the following illustra- 
tions: Suppose a gravity tank primary supply is connected with a city main 
and the city connection is not protected by a check valve, the drainage of this 
part of the city main would drain the tank also and leave no water supply. 
Again, if the tank and pump supplies are used the tank is at an elevation de- 
signed to give the pressure desired for the sprinkler system with dependence 
placed on the pumps for hydrant pressure, the desired increased pressure and 
supply from the pumps when in operation will be dissipated by overflowing of 
the tank unless it is protected by a check valve. Or if the tank is not pro- 
tected against greater city pressure the same overflowing and loss of pressure 
would result. Check valves to protect tanks should always have a by-pass 
around them in order that water may be forced through the by-pass into the 
tank. The by-pass valve should be of the post-indicator gate type. 
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arrangement is of value in conserving the water supply and pressure. 
sure. 

Fire pumps include three preferred types—the duplex Underwrit- 
er’s steam pump, the centrifugal pump (usually electrically driven), 
and the rotary pump (usually mechanically driven). The available 
power often determines the type of pump used. If it is practicable 
to keep up constant steam pressure, the steam pump should be used, 
while if steam is not available throughout the season the steam pump 
should be supplemented by an electrically-driven centrifugal pump, 
usually of the double-stage type. The rotary pump meets such con- 
ditions as are furnished by water power as the available drive. Gen- 
erally speaking, the steam power is the most reliable. If electric 
power is relied on entirely there should be two supplies of current 
if possible. Pumps should deliver water at 100 pounds pressure. 
All pumps should be kept in the best condition and run for a few 
minutes every week. Main valves should be kept open and suction 
lines and intake strainer kept clean. 

Gravity tanks are usually of steel, as it makes a durable tank which 
is economical for most conditions. If a natural elevation of the 
ground can be used so as to reduce the height of the tower, tanks 
of reinforced concrete are excellent, the economy of this type of 
tank depending largely upon the local cost of the materials and 
whether or not other concrete work is being done at the time. The 
capacity of the tank should not be stinted as a large supply is very 
desirable. Moreover, the cost of the tank should be less in propor- 
tion as the capacity increases. Again, the extra capacity may per- 
mit a future extension of the plant without the necessity of an 
additional tank. Wooden tanks are sometimes used. but their lia- 
bility to decay makes their use inadvisable for most conditions. 
Gauges for registering the amount of water in the tank always should 
be supplied. 

Freezing of water in tanks and risers during winter must be 
guarded against. For the greater part of the cotton belt the only 
precaution necessary is that the tank riser pipe be insulated. A 
wooden boxing packed with dry sawdust and made water-tight 
frequently will be found sufficient. Colder climates demand that 
the water be kept heated slightly during cold weather. This is 
accomplished by means of a special tank heater arranged and con- 
nected so that there is a constant circulation and even heating of 
this water in both tank and riser. Heat may be supplied by either 
steam or an independent hot-water heater. There are a number of 
different makes of tank heaters on the market. 

The amount of water supply for the private system has not been 


stated, because this is really a matter of Judgment and should be 
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decided after consideration of the exact character of the supplies 
and the general hazard. Obviously, a fire-resistive plant well 
sprinklered would not need so great a supply of water as a plant of 
the semislow-burning, or wood-end type. While there are general 
rules in use for determining the supply required, it is not thought 
best to enter into a detailed discussion of them. The warehousemen 
should govern this question in detail with the imsurance rating bu- 
reau having supervision before placing a contract for equipment. , 


SIGNALING SYSTEMS. 


Signaling systems include any devices, both manual and automatic, 
for transmitting an alarm of fire. 

The automatic sprinkler alarm referred to under that heading is 
especially well adapted to the cotton warehouse, and, generally, is 
the only such device that is required. Where this includes the elec- 
tric type of alarm (either alone or in addition to the water motor 
alarm) the connection should be extended to the city fire department 
if such is available. This may be done by making a connection with 
the nearest city ‘alarm box, though it is desirable that the connection 
be extended direct to the city fire department headquarters. This con- 
nection is valuable even in very small towns. A system of fire-alarm 
boxes is needed for large warehouses, but the expense is not justified 
for the plant of average size. 

There are various automatic signaling systems on the market, but 
for the cotton warehouse the automatic sprinkler fulfills this service 
with entire satisfaction. : 

It is worthy of note that any electric signaling system, including 
the electric sprinkler alarm, may be used to close automatic fire doors 
when they are equipped with an electric release box. 


PROTECTION AGAINST LIGHTNING. 


Warehouses located in rural districts or in a locality subject to 
severe electrical storms should be protected against this source of 
fire, by adequate rodding. The “iron-clad” buildings are subject to 
the least hazard in this respect if the metal covering is thoroughly 
grounded. This may be accomplished by the gutter conductors where 
these discharge into cast-iron drain pipes extending well below the 
surface and into soil which is constantly moist.’ 


“Information on this subject, together with specifications for various types 
of installation, is contained in Farmers’ Bulletin No. 842: Modern Methods 
of Protection Against Lightning, which may be obtained free of charge from 
the Division of Publication, U. S. Department of Agriculture. See also Sugges- 
tions for Protection Against Lightning recommended by the National Fire Pro- 
tection Association. 
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WATCHMAN SERVICE. 


Watchman service is an asset of variable value. The reliable 
service of one or more alert and able-bodied watchmen should be 
provided for plants of any considerable size. This is a form of 
protection which may be worth very much or nothing, depending 
on the character and duties of the watchmen. The regular tour 
of the watchman should be assured by well-distributed watch stations 
and a recording clock. The watch stations should be so distributed 
that in visiting them in sequence every part of the plant can be 
viewed. The equipment may consist of a portable watchman’s clock 
carried by the watchman. The clock provides a specially ruled 
paper dial which is punched by the keys contained in and securely 
attached to the different watch station boxes. The paper dial is 
not otherwise accessible to the watchman. ‘These paper disks are 
removed daily and filed in the office, thus effecting a record of the 
time at which the stations were visited. This form of equipment 
and service is adapted to most warehouses. 

Large plants should be equipped with the central station watch 
service. In this case the recording clock is located at the watch 
office and the record of reports is punched on a paper tape. The 
watch stations provide a signaling mechanism electrically connected 
to the central station. When the watchman turns a key the number 
of this station together with the hour is registered upon the tape 
record at the watch office. If the signal is not given at or soon after 
the schedule time some one from the office is sent to the box to in- 
vestigate the delinquency. In case any watchman on his rounds 
discovers fire, he uses this same station for turning in an alarm, 
which is transmitted to and automatically registered at the central 
watch office. The wachman then gives his attention to the fire, 
and is assured of prompt assistance directed from the watch office, 
while the other watchmen not otherwise directed continue their 
rounds. 

Any system of watch service should be based upon a regular 
schedule, or tour, for the watchman, prepared by “some one who 
has a knowledge of fire protective service. Insurance bureaus are 
glad to render this assistance. The interval set between visits of 
the watchman depends upon the general hazard, but should not 
exceed half an hour. 


PRIVATE FIRE BRIGADE. 


- Organization for systematic team work in dealing with a fire 
should not be neglected. Years may pass without even an alarm, 
but this is not a good reason for not training employees of the plant 
as a private fire brigade. Each individual should understand fully 
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the use of all fire protective equipment and the proper procedure 
in case of fire. Some firms have found it an advantage to pay 
-men on the fire team a small bonus. For an ordinary business it 
is necessary to have all the force on the teams, while for a large 
plant the selection of men for the work may be such as to make 
the place sought..after by the employees. The essential features 
are that the men be drilled sufficiently and be paid an amount that 
will make them feel that the work is of importance. It may be well | 
to make this payment monthly, and separate from the regular wages, 
in order that it may be recognized as a distinct bonus for extra 
work. The organization of the fire brigade should be along mili- 
tary lines with distinct recognition of authority. The details of 
course, must be suited to the size of the plant. Valuable suggestions 
for the organization may be obtained from the National Board of 
Fire Underwriters, New York City, from the National Fire Pro- 
tection Association, Boston, Mass., Inspection Department, Asso- 
ciated Factory Mutual Fire Insurance Companies, Boston, Mass., 
or insurance companies. These publications may be secured upon 
request. 


PRECAUTIONS AGAINST FIRE. 


Even though construction and fire protective equipment is the 
best there remains the need for careful administration on the part 
of the management. The first requisite is that responsibility be 
fixed upon some one individual as to proper upkeep and orderliness 
of the whole plant. . : 

All buildings should be kept in good repair, giving special atten- 
tion to doors, roof openings, and fire breaks in platforms and sheds. 

Water barrels and pails should be kept well filled, and in winter 
water should be treated to prevent freezing. All sources of water 
supply must be under observation that the tanks may be kept filled, 
pumps in good order, power maintained, and valves properly set. 
All mechanical equipment must be tested frequently ; the hose should 
be tested occasionally under full-water pressure, then properly dried 
and coiled on the racks. 

The management should see that the automatic sprinkler system is 


in good order, taking care that sprinkler heads are not “ loaded” by 


a coating of whitewash or paint, that there are no valves closed, and, 
in the case of a dry-pipe system, that there is no water columning 
of the dry valve—due to excess water leaking past it and into the 
riser—and that the valve is in good working order. Eaves sprinklers 
on a wet-pipe system must be drained in cold weather. A number of 
extra sprinkler heads facilitate ready repairs. 

All water supply valves should be open and sealed or strapped. 
The strap should be secured with a padlock so that the strap can 
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be cut in an emergency but will not be tampered with ordinarily. 
Permission for closing a valve must be obtained from the person 
responsible for fire protection whenever this is possible. In any case . 
the closed valve should be tagged conspicuously and a notice of the 
fact kept filed in the office during the entire time such valve is 
closed, in so far as this is practicable. Never have both sources of 
water supply cut off overnight; when making repairs, provide a 
temporary connection. 

Fire doors should be closed at night and when not in use. There 
should be occasional tests of sensitive closing devices for fire doors 
and examination to see that fusible links are not painted or white- 
washed. 

Oily waste should not be allowed to accumulate, as it 1s a potent 
source of fire. It should be placed in a closed metal can kept near 
the press for such waste. There should be no loose cotton on floors 
or platforms. Conspicuous signs reading “ No smoking” must be 
posted and the order strictly enforced. No loose matches may be 
permitted about the warehouses or premises. The premises must be 
kept cleared of dry grass, weeds, and all kinds of loose rubbish. If 
buildings or platforms are elevated, the space under them should 
be closed in to prevent such accumulations under them. 

The management should avoid leaving cotton exposed overnight 
as far as possible. When storage in open yards is unavoidable, the 
bales should be separated into units not exceeding 3,000 to 5,000 
bales with a clear space of 200 feet or more between such units. The 
use of fire walls for dividing such areas is of little value unless the 
area is covered by a noninflammable roof as fire brands and sparks 
will be blown over the wall. 

Employees should follow up passing locomotives near areas of 
unprotected cotton to see that no sparks have started small blazes. 
All ashes which are removed from boilers or heaters should be wet 
thoroughly. The watch service should be checked up frequently 
and made very thorough. 


SELECTION OF THE WAREHOUSE DESIGN. 


Selection of the design, type of construction, and forms of fire 
protection for the warehouse must be made with a knowledge of 
the business conditions existing and to be anticipated. This in- 
volves the answer to five questions: (1) During what portion of 
the year will the warehouse normally be filled to capacity and 
during what portion of the year will the capacity be only par- 
tially utilized and to what extent? (2) Will the deposits of cot- 
ton be withdrawn in large or small lots—by individual bale orders 
or in solid blocks? (38) What will be the number of yearly “turn- 
overs,” or changes in the individual bales stored? (4) Will cotton 
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be stored in the compressed or flat form of bale? (5) How long 
will the present business conditions exist and what prospect is 
there of a materially enlarged business? 

If, in answer to question 1, it is determined that the warehouse 
will be filled to capacity during a few months only as is generally 
the case of a warehouse which stores for farmers, it is evident that 
a low investment cost is essential. Hence the semislow-burning 
type of construction should be used unless the surroundings or the 
size and congestion of the warehouse entail a serious fire hazard, in 
which case the slow-burning type of building should be adopted. 
If, in answer to question 2, it is found that cotton will be handled 
in small lots or by selection of individual bales, the: cotton should 
not be piled, but should be stored one bale high on end, the storage 
arrangement being vitally connected with the cost of handling. 
This means that economy of investment and avoidance of over- 
expansion of the plant both are favorable to a building of two or 
three stories. The influence of question 3 will depend upon cur- 
rent local practice among storers of cotton. As to question 4 regard- 
ing cotton storage in flat or compressed form, this determines the 
amount of cotton which can be placed in a single compartment 
subject to one fire apd hence influences the size of compartment ad- 
visable. The last question of expected future conditions must de- 
termine the planning with a view to future extension of the plant 
and permanency of the structures. 

If the solution of question 1 indicates that the warehouse will 
be filled to its normal capacity for a large portion of the year, as 
may be the case of a warehouse storing for cotton dealers, the item 
of investment cost is of less importance and is superseded by the 
possible cost of insurance, of labor, and of depreciation charges. 
In such case, determining whether cotton will be handled in large 
or small lots, with or without regard to the characteristics of the 
individual bale, is of foremost importance. Coordinate with this 
factor is that of the number of “turnovers.” Closely associated is 
the question of whether cotton will be stored flat or compressed. 
In general, the labor cost should be given the greatest consideration, 
because it is the only factor which increases with the volume of 
_ business—the end aimed at. Hence, piling cotton can not be tol- 

- erated, except for a small portion of the season. This means that 
unless cotton is stored compressed the multiple story design generally 
must be adopted. If cotton is stored compressed a single tier of 
bales on end filling a single story compartment economically pro- 
portioned will result in a value as great as should be subjected to a 
single possible fire. If cotton is stored uncompressed the contents 
of three such floors of equal area each, if sprinklered, would not be a 
greater hazard, even with the slow-burning type of construction. 


78 BULLETIN 801, U. S. DEPARTMENT OF AGRICULTURE. 


But for all buildings of more than one story, fire-resistive con- 
struction is preferable. 

The port warehouse, which handles cotton in large blocks, should 
not find any serious objection to piling cotton provided it is held 
in storage for a considerable time. The port warehouse may re- 
quire a combination of building designs to meet different forms of 
business. 

The cotton-mill warehouse requires convenience of handling to 
a certain degree, but it is overshadowed by the importance of the 
maximum of protection from fire. Hence the choice is usually be- 
tween the low one-story wood-end building, if a small quantity of 
cotton is stored, and the multiple-story building of fire-resistive 
design if a large amount of cotton is kept on hand. For the mill 
that handles cotton waste or inferior cotton in quantity favorable 
consideration may be given to the wood-end building having a single 
high story with cotton piled. 

In general, one-story buildings for small plants may be of the 
semi-slow-burning, or wood-end, type of construction, but for large 
plants or for plants having an exposure from the parallel buildings 
or from adjacent property the slow-burning design with openings 
fully protected should-be used. From the standpoint of actual fire 
hazard, the best slow-burning construction with a tar-and-gravel 
roof is equally as good as the fire-resistive construction for the one- 
story building. However, there is a physiological advantage in the 
fire-resistive construction, and the depreciation charges are less. For 
multiple-story buildings fire-resistive construction should be used 
whenever possible, and always for buildings of from four to six 
stories in height. For buildings of less than four stories and sprin- 
klered, slow-burning construction is fairly satisfactory, and for 
buildings of two stories the feasible construction is often the semi- 
slow burning or “ wood-end.” _ 

It should be remembered in comparing the cost of timber and 
reinforced concrete floors that often the cost is practically the same 
for floors to carry heavy loads, while the timber construction is very 
much cheaper for floors designed for very light loads, particularly 
if the span, or spacing of supports, is long. Also, the flat-slab 
designs for reinforced concrete, while always desirable, are more 
economical as compared with the beams system when the slab is con- 
tinuous through division fire walls, when the span is regular and not 
too great and when the loads to be carried are heavy. It is appar- 
ent that these considerations are closely related to the density and 
arrangement of bales stored. 

Fire protective equipment should be considered of fundamental 
importance, and complete protection should be provided for all large 
warehouses. 


APPENDIX. 
STANDARD WAREHOUSE PLANS. 


The following plans are given as a basis for warehouse planning. 
The notations on the plans are specific when they can be without 
causing lack of economy when the plans are applied over a wide 
range of country. The plans themselves permit some flexibility 
which may be necessary for their economical adaptation to the site. 

Each drawing shows an end compartment and an intermediate 
compartment. Compartments may be combined in any number to a 
maximum of 700 feet length for a single building, unless local con- 
ditions demand a shorter length. 

As pointed out in the bulletin, increased capacity above that shown 
for compartments may be provided by either increased area or height, 
with provision made for later subdividing of the compartment by an 
additional fire wall or an intermediate floor. The plans should be 
followed in detail wherever possible. 

Contracts should not be let merely upon the plans shown here, as 
the variations permitted by the information on the drawings should 
be eliminated, and comprehensive specifications suited to local condi- 
tions should be made a part of such contract. Moreover, the plans 
and layout of the plant, including fire protection, should be sub- 
mitted for approval to the insurance rating bureau having supervi- 
sion in order that the owner may secure advantageous Insurance 
rates. A competent engineer shonld be employed and a request for 
detailed drawings sent to the Bureau of Markets, United States 
Department of Agriculture, Washington, D. C. 

The last drawing of the appendix shows a variety of arrangements 
_for cotton storage in different floors and the number of bales which 
the arrangement provides for. The arrangement is based upon the 
liberal allowance of 30 by 48 by 56 inches for the American bale 
uncompressed. If the bales are compressed to ordinary density, 
50 per cent more bales can be stored, or 75 per cent more if com- 
pressed to high density. Isles shown are a minimum width of 
4 feet. In the case of compartments having “ wood-end” walls 
cotton should not be stored within 4 feet of the frame wall, and 
hence a few less bales than indicated can be stored. The number and 
preferred location of water barrels required is also shown on the 
diagrams. 
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THE PRESENT STATUS OF PEAT UTILIZATION. 


The problem of peat utilization may be analyzed from several 
points of view, but only a few aspects of the subject are of essential 
importance to emphasize at this time. Among the peat problems in 
question none, in the opinion of the writer, is so serious as the failure 
to realize the existence of the important grades or types of this mate- 
rial in regard to quality and their relative value for agriculture or 
other uses. 

There is a growing recognition of the fact that the term “ peat” is 
too general to be applied to plant remains essentially different in 
composition, which have different agricultural and technical possi- 
132927°—19—Bull. 8021 
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bilities, and which vary greatly according to regional] distribution 
and topographic features, even in the same deposit. Not only a proper 
understanding by the layman appears to be wanting, but the neces- 
sary scientific foundation is still lacking in this country which would 
deal with the differences in botanical composition of the various peat 
materials and their corresponding physicat, chemical, and other char- 
acteristics of practical importance to the farmer, the technician, the 
manufacturer, and the scientist as well. A recognition of these differ- 
ences, it is believed, would emphasize to those using peat land the 
inherent possibilities and limitations of the organic materials. From 
the standpoint of the State agencies and local investigators this is a 
specific problem of an urgent character underlying the sound and 
rational use of such land. Neither the selection of peat deposits of 
practical value for certain crops or for specifie technical purposes 
nor the close correlation which exists between the botanical composi- 
tion of the different peat materials and its corresponding physical, 
chemical, cultural, economic, or other merits can be attempted suc- 
cessfully until consideration is given to the important types of this 
material found in this country. 

It is precisely this information which would enable one to form 
a correct judgment concerning the structural profile of peat deposits 
which accumulate under the widely differing climatic, topographic, 
geologic, and vegetational conditions of this country; and it is this 
aspect of the problem that would supply the essential criteria con- 
cerning the manner of developing a peat area for specific agricultural 
or technical purposes, or for a combination of agriculture with a 
varied manufacturing utilization, where under the pressure of stren- 
uous circumstances this development must needs be centralized near 
a source of supply of raw material to msure financial success. 

If we attempt to formulate the status of peat investigations in the 
United States and compare it with that of Holland, Sweden, Austria, 
or Germany ; if we appraise in these countries and our own the degree 
of success in utilizing the various types of this material directly ap- 
plicable to certain forms of agriculture or to economic industries; or 
if we compare the respective results of scientific Investigations and 
the literature on the subject, based upon well-established, definitely 
described classes of deposits or groups of peat material, we shall have 
to acknowledge that we are far behind the position we ought now 
to occupy by right of resources and opportunities. The lack of in- 
formation on which a wise decision should be based and the absence 
of any prospect of continuous or satisfactory returns have led mm 
many places to a lack of confidence and to the abandonment of at- 
tempts to bring peat-land areas to a profit- -yielding basis. 

On the continent of Europe much effort is now devoted to encour- 
aging the development of distinct classes of peat land. Good and 
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relatively poor peat areas are reclaimed at much less cost than was 
formerly the experience. It is principally through the detailed colla- 
tion of information for many years past, regarding the formation, 
structure, and distribution of different kinds of peat deposits, and the 
botanical, physical, and chemical differences of the various types of 
their organic contents, as well as through the systematically con- 
- ducted observations of the several field conditions to be considered, 
that a corresponding profitable and varied development in the use of 
these resources has been possible. 

More and more in this country the demand is becoming urgent for 
information concerning peat materials which affect the productive- 
ness and health of crops. Information is called for in estimating the 
value, the supply, and the possible range of usefulness of special 
grades of peat for specific crops or for manufactures, for that yielding 
a satisfactory material as a carrier for bacterial organisms, for fer- 
tilizer purposes, for litter, fuel, or distillation products, and for other 
uses. Advice is needed to point out the difficulties to be avoided, espe- 
cially when an area of peat land may be developed for both agricul- 
tural and technical purposes by communities or associations and may 
be made increasingly profitable because of the equal, if not greater, 
value of the underlying mineral soil for staple crops, for special 
forms of economic plants, or for intensified methods of farming. 

There are many instances of failure of efforts based on impractical 
and previously discarded ideas which time and again have been tried 
on an extensive scale in Europe and in this country, only to meet.the 
same experience. The traditional disregard for facts of a qualifying 
nature, or for drawing a plan having due regard for the existing 
factors and needs of an undertaking; the inability of scientific work- 
ers to understand or to compare critically each other’s researches in 
the field of peat investigations, because the terms peat and muck are 
not qualified and because faulty conceptions regarding them have 
still an unchallenged place in the scientific literature of this coun- 
try—these are some of the results of the present situation, and for 
both national and economic reasons they reflect indeed a serious con- 
dition. 

Types of peat material, their differences in botanical composition, 
in disintegration capacity, and in related physical and chemical 
characteristics have been established in Europe by many years of 
experience and scientific investigation. They form an adequate basis 
in problems which deal with methods to be practiced in the develop- 
ment and cultural preparation of a peat deposit, such as the well- 
known “ Veenkultur,” the Rimpau cultural method, the German 
high-moor method, and others, or in operations where the removal 
of peat for technical uses and centralized power plants is prac- 
ticable. . Data such as those just mentioned, regarding the nature and 
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behavior of the various types of disintegrating plant remains making 
up a peat deposit, are considered of special importance in drainage 
projects intended to be practicable from an engineering and agri- 
cultural standpoint; they are essential for an adequate method of 
dewatering peat materials that are found to be of value for manu- 
facturing purposes. It is rather in the knowledge of the different 
kinds of peat material, the factors in the field which brought about | 
their accumulation and determined their character, that a satisfac- 
tory basis has been found for the improvement of peat by means 
of suitable crops or by specific operations in the technical industries. 

Few phases of botanical inquiry have received as much attention 
as the development and formation of peat deposits; yet information 
concerning them appears to be little known and still less considered 
in practice, though the classical investigations of Andersson (1),? 
Clements (4), Graebner (12), Lesquereux (16), Lorenz (17), Potonié 
(19), Sendtner (21), Sitensky (22), and especially the works of 
Friih and Schréter (10), Grisebach (18), Steenstrup (4), Vaupell 
(23), and Weber (25) are not only comprehensive but fundamental 
in problems relating to the structure and content of peat deposits. 

The attempt to establish a correlation between vegetation and any 
one factor of the environment is difficult, and though not all field 
work is of a nature adapted to throw lhght on this vexed question it 
has, nevertheless, been possible to make such a correlation in the lines 
of physical and chemical studies with types of peat material distinct 
in botanical composition and in degree of disintegration. Practically 
all the work is thus far European, and the leading investigations, 
notably those of Bersch (2), Birk (8), Feilitzin (9), Gully (14), 
Hoering (15), Minssen (18), Virchow (24), and Zailer and Wilk 
(26-27), follow for the most part modern botanical viewpoints and 
definitions. 

The botanical, physical, and chemical nature of the different 
peat materials is of the widest practical importance, since it is in 
general more difficult to change the nature of the vegetable mass 
than to remedy its deficiencies, but almost equally important is the 
character of the mineral soi! underlying the plant remains. The 
geological relations have their most important significance in the fact 
that decaying organic matter and carbonated water have a relatively 
high solvent action on the minerals of soils and rocks. This effect 
increases with the area covered by the accumulating masses of peat 
materials and especially with thicknesses in which oxidizing condi- 
tions are absent. Underlying and marginal soils derived from sedi- 
mentary, metamorphic, and eruptive rocks, both basic and acid, 
correspondingly affect the content and quality of peat materials in 


1The serial numbers in parentheses refer to “ Literature cited’’ at the end of this 
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saline impurities and in acid, alkaline, or neutral reaction. Some of 
these rock formations yield marked amounts of soluble injurious salts. 

Special climatic conditions influence appreciably the disinte- 
gration of peat materials, the formation of organic colloidal débris, 
and the direction of movement or transport of dissolved mineral 
constituents (8). The reactions may lower the supply and concen- 
tration of nearly all available essential plant-food constituents and 
thus effect malnutrition, a prevalence of plant diseases, and allow 
certain plants and microorganisms to outgrow others, or they may 
lead to local accumulations of salts at the surface of the peat deposit 
or at the margins and in the mineral substratum underneath peat 
accumulations. Cultural practices and drainage systems in no small 
measure may favor and accentuate both the contamination through 
the movement of underground waters or springs in peat materials 
with high decay capacity and the concentration of salts by seepage or 
by evaporation. More consequential still are the effects of a pro- 
nounced inland or a typical oceanic climate on the disintegration, 
absorption, deposition, and leaching phenomena. Aside from the 
presence of either an abundance or a deficiency of agriculturally de- 
sirable mineral constituents, the climatic contrasts give rise to classes 
of peat land which resemble closely the “Tschernosem” and the 
“ Podsol” condition featured by foreign writers (11). 

It is obvious, therefore, that those inquiries are likely to be most 
fruitful which are concentrated first of all on the fundamental prob- 
lem of determining and characterizing the types of peat material 
which are representative of distinct regional divisions or geographic 
areas of the United States and reserve for later discussion the details 
of the structure and contents of special peat deposits which are con- 
sidered to be either with or without great value or are selected as 
representative peat deposits for specific experimental or industrial 
purposes. 

Tt seems to the writer eminently desirable at this time to give con- 
sideration especially to those chief types of peat material in this 
country which are characteristic of peat deposits in European coun- 
tries; to emphasize mainly the grades or types which resemble or 
coincide with each other and whose botanical composition is based 
upon the remains of plants known to occur in Europe; and to 
characterize those phases which are preserved conspicuously in a 
similar stage of disintegration in this country, irrespective of their 
positional relationship in the different layers of a-peat deposit. They 
alone demand consideration in the present state of our imperfect 
knowledge, partly because through the recognition of these types 
considerable progress can be made in the fixing of standards of qual- 
ity and in securing their adoption; largely, however, because the 
physical and chemical characteristics of these types have been sys- 
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tematically worked out by European scientists and their investiga- 
tions contain a number of important contributions which are of value 
for several lines of work in peat utilization. 

In this country the character of several of the peat materials of 
both fresh-water and salt-water origin differs in various respects 
from that of the European Continent. This difference would prob- 
ably necessitate a special grouping and series of standards. Under 
the varying conditions of environment existing over the great regions 
of the United States in which peat materials may be found, the result- 
ing types and their relative values must, obviously, vary quite as much 
on account of the distribution of peat-forming vegetation and the ef- 
fects of the regional geological conditions and climate as on account of 
the local topography or the nature and position of the ground 
water in and upon which the plant remains are accumulatmg. So 
far, however, as the characterization is based upon differences of 
botanical composition rather than the stratigraphic series or upon 
differences in the vegetational surface cover or regional or local 
modifying field influences, the lines of demarcation are simple and 
sharp. The general recognition of the botanical composition of peat 
materials would initiate a movement in the direction of effective use 
of specific peat-land aréas, and it might bring about a more satisfac- 
tory coordination of scientific activities. There is little doubt that 
on some such basis as this a closer union of the several lines of re- 
search and farm practices would be mutually beneficial and scienti- 
fically as well as agriculturally and economically profitable. 

How much there is need for information of this kind may well be 
illustrated by consideration of the following facts. In many instances 
projects of drainage and reclamation which appeared feasible from 
an engineering standpoint have proved unprofitable as an agricul- 
tural investment, mainly through the scant consideration of adequate 
agricultural criteria which would render the work advisable or the 
project economically sound. In most cases the result proved un- 
satisfactory through lack of information concerning the merits and 
adaptability of the peat materials and the nature of the field con- 
ditions limiting their possibilities. It is easily ascertained whether 
a deposit may be drained to the bottom or only through the deepen- 
ing of the outlet channel or by diking and pumping. But the nature 
of the plant remains, their disintegration capacity and resistance to 
weathering, the amount of shrinkage to be anticipated, the infiu- 
ence upon them of marginal mineral soils, springs, and ground 
waters, the features which might impair the value of the mineral 
subsoil for future agricultural uses—these are not so readily deter- 
mined. Too much care can not be taken in the preliminary exam- 
ination of peat land before proposing improvements. Through ad- 
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visory measures it is possible to forestall mistaken effort, to weed out 
undesirable enterprises, to select such deposits as can profitably be 
left as permanent “water-storing” reservoirs, preserved in their nat- 
ural condition, and to assist individual or cooperative attempts in 
maintaining in an efficient manner those projects which are ap- 
proved by agricultural merit, by economic need, by favorable mar- 
kets and transportation facilities, or by the promotion of public 
health. 

On many of the peat deposits which are peculiar in their type of 
material, in acidity, or in salt content, imitation of practice has led to 
their use for crops grown in succession at the expense of other agri- 
cultural industries, such as tillage farming combined with pasture, 
live-stock, or dairy farming, which would have been more suitable 
and would more regularly produce profitable returns. It is to be re- 
gretted that practically no extensive use has been made of the grasses, 
cereals, and fruit trees which are suitable for peat-land types and 
could be profitably developed. The natural extension of crops pos- 
sible on peat areas is deserving of more systematic attempts, because 
it will be necessary to devote unusual attention in the near future 
to protect reclaimed deposits of peat now under cultivation against 
preventable difficulties. The more advanced agriculture becomes, 
the more diversified are its crop activities and the less will be the 
risk which attends concentration in a single field of cropping activity. 
Any work with the view of determining what methods of diversified 
agriculture are best adapted to and would benefit a certain locality or 
region, whether carried on by private individuals, communities, scien- 
tific institutions, or manufacturing interests, would prevent a great 
deal of loss to the owners of peat land and others uninformed of the 
limitations of different classes of peat deposits and their materials. 

With the greater interest in live-stock production, the value of 
many abandoned peat areas as potential beef or cattle producing 
lands will probably again become enhanced, and it will be necessary 
to devote more attention than has been given to mixtures of grasses 
best suited to the several types of peat material or to their drainage 
capacity. The fact is not to be obscured that the war-time readjust- 
ments, aside from labor problems and the demands upon transporta- 
tion, will tend to increase rather than lessen the need to convert 
forage and other crops into higher priced finished products. 

Another urgent necessity is the extension of desirable peat-land 
areas for staple crops, notably certain cereals, if the land is annually 
to turn in its share and render its adequate service to the country and 
to the farmer. Special varieties of cereals, such as oats, rye, barley, 
and even wheat, are grown with success on northern European 
peat lands; their adoption in this country would contribute greatly 
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not only to increased production, but also to the larger range of 
crop plants which is so essential to a sound and secure foundation of 
peat-land agriculture. 

In European countries the cultivation of the better grade of cereals 
is carried on upon peat deposits covered with a layer of sand (the 
“Cunrau ” or “ Rimpau ” method, in vogue since 1862) and upon peat 
areas from which most of the organic material has been removed. 
The practicability of combining the agricultural and commer- 
cial utilization of a peat deposit for the production of fuel and food 
is no longer a questionable procedure. The problem has been well 
solved in Holland, where certain types of material are removed 
partly on account of their value for manufacturing purposes; largely, 
however, because the mineral subsoil has an equally, if not greater, 
value for the production of garden truck and for staple crops. Of 
the two methods of developing peat land the practice of sanding 
peat deposits has not always proved satisfactory. European experi- 
ence seems to show that the amount of injury from diseases is very 
small compared with losses in yield from causes due to the selection 
cf peat areas which contained plant remains with an unfavorable 
decay capacity or in which there appeared in the sand cover, as time 
went on, relatively injurious compounds from the underlying poorly 
aerated organic and mineral subsoils. It is, indeed, not unlikely 
that similar conditions are the cause of the greatly lessened yield 
in the cranberry crop and other plant industries reported from some 
deposits in this country. 

For reasons such as these, the writer feels justified in the opinion. 
that a preliminary-survey method based upon qualitative as well as 
quantitative differences of peat materials, which determines their 
serial position in the profile structure of a deposit and their depth 
relation and condition of disintegration and which examines the 
character of the underlying mineral substratum and the nature 
ef its ground water, would offer data which might be of general 
interest to various lines of peat utilization and would permit an esti- 
mate of the probable difficulties or tendencies making for failure. 
Tt would prove a more reliable means of arriving at the practical 
value of peat lands for an undertaking that faces agricultural or in- 
dustrial utilization, or a combination of both, and it would avoid 
the discrediting of interests which desire to utilize peat materials for 
technical and commercial purposes, for bacterial inoculation, as a 
filler with other fertilizer substances, as a stock-feed ingredient, as 
fiber, and in other specific ways. It has been the experience in 
Europe, and undoubtedly in this country as well, that, no matter 
how excellent the results for a time, certain field conditions qualify 
the manner and methods of utilization, while the use of some types 
of peat material introduces sources of failure. Prudence is the more 
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necessary in the present instance because the characterization of any 
native local or regional types of peat material has not as yet been 
coupled with definite or even preliminary botanical, physical, bac- 
teriological, or chemical studies. This is, indeed, a cause for regret, 
as it is felt that a more comprehensive understanding of important 
types of this material, if made accessible to workers in different 
lines of peat utilization, might bring about a more complete coordi- 
nation of their activities. Mere imitation and undue duplication of 
effort would be removed through an intelligent conception by each 
of the connection between the character of the peat deposits, their 
diverse materials, their value, and the uses most likely to prove 
successful. — 


DEFINITIONS AND POINTS OF VIEW IN CLASSIFYING PEAT 
MATERIALS. 


In an endeavor to classify in some degree the results obtained in 
the field, a complete understanding is possible only by the considera- 
tion of various viewpoints and the meaning of the terms used. Nat- 
urally, when attempting a characterization and the grouping into 
classes of peat deposits and types of their material, it is desirable 
first to formulate clearly the fundamental lines of work along which 
- this problem may be approached. | 
_ This consideration is important, since any controlling condition, 
whether relating to peat-forming vegetation units and their present 
distribution, to the character of initial stages of a vegetation series 
and the corresponding mode of accumulation of peat materials, or to 
the degree of disintegration and contamination of plant remains, 
very often compels the formation of a tentative basis upon which 
systematic observations may be secured. The nature of the results 
will depend, therefore, much on the question whether the variant 
plant material or the modifying, controlling, and differentiating fac- 
tor of field conditions is to serve as the basis for a full characteriza- 
tion. Should the emphasis be placed upon the product or upon the 
formative process? Would the water table which controls the accu- 
mulation of peat and thus gives rise, among other distinctions, to 
water-formed and land-formed types of material or would differ- 
ences due to the botanical composition and the sequence of vegetation 
units forming peat give a more satisfactory working method? Are 
the quality and value of materials to be determined from the vertical 
series or profile structure of peat deposits or from climatic and geo- 
logic features? 

Two clearly related but analytically separable propositions seem 
to stand out as the essential premises of future work in this field of 
investigation. The order in which these propositions are stated is 
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immaterial; one is as important as the other, for each is correlated 
with the other. Any attempt toward clarity of terms and state- 
ments, any definite determination of criteria for the classification or 
selection of peat deposits and their materials for agricultural or 
manufacturing purposes depends upon and includes a twofold qualifi- 
cation: (1) The botanical composition and stage of disintegration of 
the peat materials in a deposit and (2) the controlling basic factors in 
field conditions. These constitute an effectual limitation to the de- 
gree of success obtainable. The numerous abortive attempts at 
utilization have invariably followed from neglect of one or the other 
of these essential qualifying factors. Upon the recognition of these 
depends whether the farmer and the technician are to work by chance 
or on scientific lines, 

It is not within the scope of this paper to deal with an ecological 
account of peat-forming vegetation units, of the character of initial 
stages, or of series of developmental stages arising in an area of a 
particular region. These have been discussed elsewhere in consider- 
able detail (4; 5, p. 220-262). 

The object of these notes is to call attention to the following terms 
and definitions: : 


Peat is an accumulation of plant remains in various stages of disintegration 
or maceration, laid down in a definite manner according to imposed modifying 
field conditions. For statistical purposes and for reasons of common scientific 
interest the use of the term ‘ peat deposit’ should be limited to an accumula- 
tion of plant remains of at least 8 to 10 inches (20 to 25 centimeters) in thick- 
ness when compact and well shrunk. In this accumulation the surface layer 
of living native vegetation or deposits containing more than 40 per cent OE 
mineral matter must not be included. : ; 

Muck is a phase of surface peat material which occurs under topographic con- 
ditions permitting extensive weathering and the accumulation of large amounts 
of silt and clay. 

Humus.—No definition can be given at present, since the well-known defects 
in the usual methods of humus determination have made it clear that the use 
of the term in its present meaning is not advisable either in statements relat- 
ing to soils or fertilizers. 

Marsh (fen), bog, heath, and swamp are terms used largely on account of 
the well-marked physiognomy of vegetation which they represent and because 
they are common names in many languages. The plant remains of each group 
accumulating as peat are among the most distinctive of peat materials, and the 
field conditions of each have a more or less differentiating character. The de- 
posits are quite variable in origin and structure, but their structure is primarily 
dependent on the form of the land surface on which they are found and upon 
the height of the water table while they are formed. They are dealt with later. 

The words “marsh” and ‘swamp,’ on the one hand, and “bog” and 
“heath,” on the other, correspond in a very general way with the terms 
“ Flachmoor ” and “ Hochmoor” used by most European writers. The line of 
distinction and the transition between them is, of course, nothing like as sharp 
as the terms would seem to indicate except in regions having climatic condi- 
tions where they reach their best development. ‘‘ Hochmoor” is applied, as a 
rule, to a class of peat land which rises from the edges toward the middle and 


IMPORTANT TYPES OF PEAT MATERIAL. 1h 
thus shows a convex upper surface. ‘ Hochmoor,” or “ raised bog,” develops 
typically in regions of high humidity or rainfall, partly on account of the 
habit of growth of the sphagnum mosses, which form the main component of 
the surface vegetation cover. ‘‘Mlachmoor” represents a class of peat land 
with a flat or even a slightly concave surface. Often a distinction is made on 
the basis of chemical differences, especially the absence or presence of lime or of 
acid reaction, but this distinction is not exact. 

Acidity may arise in various ways and it may persist only for short periods 
of time. A temporary condition of acidity is common to surface peat materials 
with insufficient aeration, weathering, or disintegration, due to the presence of 
carbon dioxid. It should be stated, however, that different peat materials may 
have different acidities, and much of the soil acidity may be potential rather 
than active. In bog types of peat, for example, acidity appears to be due partly 
to the absorbing capacity of the organic materials for bases, breaking up salts 
and liberating acids (14), and partly to the presence of end products of disin- 
tegration which are colloidal substances of an acid character. The activity of 
microorganisms and certain forms of fungi as acid builders in peat soils and 
the degree of activity and probable harmfulness have barely been touched by 
investigators (5). In the marsh types of peat, acidity is caused more fre- 
quently by the oxidation of sulphids in the underlying mineral soils or 
by drainage waters which have become acid through a variety of causes. In a 
few cases acidity is due to the long-continued application of artificial fertilizers, 
such as ammonium sulphate and others, that have been used on the soils too 
heavily. Although the cause of soil acidity and its direct or indirect effects on 
plants and on the physical, chemical, and biological conditions and processes of 
soils have been the subject of numerous investigations, any broad statement is 
unsafe at this time. 

From the standpoint of the conditions of accumulation it is desirable to dis- 
tinguish between transported peat materials, i. e., the group of peat types which 
were formed in open water and below the water level (the aquatic or alloch- 
thonous types of peat), and those which resulted from the preservation of plant 
remains on the spot actually occupied by the peat-forming vegetation units, the 
groups of peat material formed at and above the water level (the marsh, 
swamp, and bog, or autochthonous types of peat). 

The group division represents the members of a linear genetic sequence or 
vegetation series which have the same general range of controlling field con- 
ditions, e. g., the positions of the ground-water level in relation to the surface. 
Regional divisions have not been taken into account at present, since they 
represent the broader relations of types of peat material and the marked differ- 
ences which are associated with the geographic distribution of vegetation form- 
ing peat, with climate, geology, and physiographic relations. 

A type of peat material is the individual member of a group and is based 
upon differences in origin, texture, color, etc., and in botanical composition of 
such plant remains as characterize the organic material most conspicuously. 

Phases are differences in a type of peat not sufficiently well marked to justify 
a new subdivision; they are variations in composition of plant remains, in min- 
eral matter, etc., and are in some respects correlative features of certain field 
conditions. 


From the standpoint of the vegetation units forming peat, the 
layers of plant remains preserved more or less intact are much the 
more important. They furnish a record of the development and 
structure of peat deposits, and they represent a more or less definite 
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series of different vegetation stages, each initiated, continuing, or 
terminated and replaced in response to changes of basic past and 
present modifying factors or field conditions. They indicate that of 
the many plants which occupied the area as an association, only the 
few forms or species that were dominant and of rather wide geo- 
graphic distribution contributed to the formation of peat layers. 

The course of the development of a peat deposit may have been 
complete or interrupted, complicated or recurring, according to the 
conditions which prevailed; the resulting layers of peat material are 
certain to be correspondingly continuous or fragmentary and isolated. 
Wherever peat deposits arise, whether in the conversion of wet fiat- 
land surfaces or of basins and kettle holes, on uplands, along river 
channels, or at the coast, the essential nature of the process is readily 
established by a comparison of the serial and contemporaneous strata 
of a deposit. The record is indicated by the profile structure and can 
be ascertained and reconstructed only by actually probing the layers 
of plant remains and examining microscopically the more disinte- 
grated materials. 

The stratification of a deposit points therefore to changed life rela- 
tions for the plants which formed peat; to disturbances which 
ensued through altered conditions of rainfall, of soil moisture 
and its content of mineral salts, or in the relation of precipitation to 
evaporation. Unfavorable topographic or soil conditions may even 
arrest the succession of vegetation and keep it stationary at a point 
far short of the possible development within the area, but significant 
is the fact that with further accumulation of plant remains the in-. 
fluence of local vegetational or topographic conditions becomes less 
marked, while that of the region or climate gradually increases in 
effectiveness. It is probably for this reason that the older or lower 
layers of peat deposits of the Scandinavian countries, of Holland, 
Germany, Austria, Switzerland, Finland, and Russia appear to have 
a surprising number of features in common with many of the peat 
deposits of the northern portion of the United States. 

‘There is the possibility of using the present native vegetation to- 
gether with plants characteristic of corresponding types of peat 
material as an indicator and criterion of conditions which may 
serve for a basis of estimating the agricultural and other possibili- 
ties of a peat deposit, provided the relation between the surface vege- 
tation cover, the character of the profile structure, and the nature 
of the field conditions of the deposit is correctly interpreted. It is 
necessary to bear in mind, however, that by itself the surface vegeta- 
tion of any unstable stage in the devedopment of peat deposits can 
not be regarded as being wholly significant in the determination of 
the latent possibilities of a peat-land area. Much more importance, 
especially from the standpoint of interests combining agricultural 
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and technical utilization, should therefore be attached to the profile 
structure of a peat deposit and to the climatic and geologic differences 
of peat-land areas. 

The arrangement of types and groups of peat material given be- 
low is, it should be repeated, a tentative one. It is presented partly 
from an ecologic point of view and deals, therefore, with a series of 
peat-forming vegetation units within a set of field conditions such 
as the writer has described elsewhere for Ohio (5) and Massachu- 
setts (7). . 

The outstanding physical relationship is the water content of the 
initial area and its effect upon the character of the series of vegeta- 
tion stages forming peat and upon the manner of accumulation of 
plant remains. This fact is of the greatest importance also from 
an economic point of view in connection with the improvements to 
be given a peat-land area. It may be accepted as an axiom that 
undrained deposits of peat contain about 70 to 95 per cent of water, 
which should not be reduced to less than 65 per cent if the area is 
to be used for agricultural crops. Drainage and desiccation of peat 
materials below 60 per cent of water content have been observed to 
decrease their capacity for disintegration and weathering. The 
fibrous organic material becomes brittle, inert, maintains its initial 
appearance for considerable periods of time, and does not become 
readily nitrified. Certain of the macerated and water-formed types 
of peat become hard and compact and are not easily penetrated by 
the roots of crop plants or by water and air. On the other hand, 
the dewatering of peat materials, especially the macerated types 
and the well-disintegrated phases of other types, to a water content 
of approximately 25 to 30 per cent is an essential requirement be- 
fore they can be used for technical purposes. Desiccation is one of 
the outstanding problems in connection with the manufacture of 
peat into a finished product. Thus far, the employment of pressure 
or of drying other than by the natural action of sun, air, and wind 
has not proved economically feasible. 

It is obvious, therefore, that the utilization of peat deposits for 
aericulture, for manufacturing purposes, or for a combination of 
both implies operations which appear in some degree antagonistic. 
They have been harmonized, however, but only through investigations 
which give information concerning the quality and quantity of peat 
materials, the conditions of their formation, and the methods of 
development required before they can be made available sources of 
food, power, or finished products. On the continent of Europe in- 
dustries which are dependent on peat materials for these purposes 
have been centralized and located in the vicinity of selected deposits 
situated conveniently with respect to cheap water transportation. 
Provision is made for contemporaneous and subsequent cultivation 
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with crops for the purpose of operating the peat deposits at their 
maximum efficiency. Lack of knowledge of the efforts made along 
these lines by European workers over a period of more than a century 
is directly responsible for the failure —— the attempts in this 
country have met. 


A TENTATIVE CLASSIFICATION OF IMPORTANT TYPES OF PEAT 
MATERIALS. 


In the following classification of peat materials all those data of a 
physical and chemical nature resulting from investigations of Kuro- 
pean types of peat have been summarized in Tables I and II which, 
in the opinion of the writer, may safely be applied to the correspond- 
ing types of plant remains found to occur in the peat deposits of the 
Lake belt, e. g., Ohio (5) and the New England States, e. g., Massa- 
chusetts (7), and present also in other States within the glaciated 
area of North America. For purposes of microscopic identification 
of plant remains the illustrations given in Frith and Schréter (10) 
afford an excellent basis for analysis and comparison. 


THE AQUATIC GROUP OF PEAT MATERIALS. 


Types of peat material (allochthonous) from open water and from 
shore stages of a vegetation series, of which the plant remains accu- 
mulated below the water level. 

The peat materiais are structureless or coarsely macerated, soft, or 
compact and sticky, especially in older and deeper strata. They vary 
in composition, texture, color, etc., according to the depth of water. 
and the character of the water in the initial stages of the area or of 
the vegetation series; they are largely, though not wholly, composed 
of the more resistant residues of plant remains, bits of woody and 
fibrous material, fragments of root and shoot tissue, the outer coats 
of cellular organisms, and a finely macerated débris as an embedding 
or binding ground mass which has either partly or wholly lost all 
vestige of its original organic structure. To this is added in various 
proportions and from various sources material of plant and animal 
origin, as well as dust, silt, ete., from the surrounding area, laid down 
by wind and current. 

Several distinct vegetation units which grow either free floating, 
wholly submerged, or rooted and partly submerged in water may 
form at any level considerable and extensive layers of material 
by the constant accretion of plant remains. These peat-forming 
plants are represented to-day by a great number of species and in- 
dividuals with semiaquatic habits of growth in fresh and brackish 
water. Among them are species of Ceratophyllum, Potamogeton, 
Castalia, Nymphaea, Peltandra, Pontederia, Polygonum, Decodon, 
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and to a smaller extent Typha, Phragmites, and other genera 
more typical of the later grass and sedge vegetation units. 
The maximum depth at which a number of the water plants and semi- 
aquatics can grow and accumulate as peat in situ varies with the 
clearness and temperature of the water, but it rarely exceeds 15 feet 
(5 meters) below the surface of the water level. Under conditions 
which accelerate the disintegration of organic material, as in regions 
having a moderate winter season or which give rise to ground water 
colored brown from the presence of suspended and dissolved organic 
débris, the filling. of depressions is chiefly from the bordering marsh, 
bog, or swamp vegetation units. 

Three clearly distinguishable types of peat derived from this vege- 
tation are encountered frequently in the same deposit, which differ 
from one another throughout in texture, color, composition, shrink- 
age, and other characteristics. In some deposits, however, these dis- 
tinctions intergrade or the material occurs wedged in as a ground 
mass among the interstices of woody or fibrous types of peat, or it 
may be wholly absent. 

The peat mass composed of very small particles possesses many of 
the properties of a colloid and is on that account of the greatest im- 
portance in the problem of dewatering the material for the growth 
of crops or for manufacturing purposes. It is difficult to remove the 
water content to below 80 per cent, and when dry these types of peat 
may form gaping cracks and may shrink to one-fourth and even 
to one-eleventh of their original profile dimension. They are easily 
tilled, but under cultivation in open crops readily become finely 
granular, forming a dustlike powder, almost impervious to water, 
probably caused by the absorption of air. Loss in yields from wind 
erosion and plant diseases appears to be a detracting feature in this 
group unless provision is made for windbreaks, irrigation, or for a- 
cropping system that combines or alternates with grasses, small 
cereals, and broad-leaved crops. The use of sand by mixing it or by 
covering the peat material with a layer of sand 6 to 8 inches (15 to 
20 em.) thick should be practiced with caution; the method increases 
in most cases the yield as well as the possibility for growing a greater 
variety of crops, including truck, cereals, and other staple crops, but 
losses have been reported due to the selection of unfavorable deposits 
of material. 

Some of the materials are noteworthy because of the relatively 
high nitrogen content, while others contain more of the waxy, resin- 
ous, and other ether and alcohol soluble organic débris (see Table I) 
from shrubby or herbaceous evergreens. On account of the greater 
resistance to oxidizing and other agents and to bacterial action, this 
plant residue disintegrates slowly and tends to accumulate in con- 
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siderable thicknesses. The high content of organically combined 
nitrogenous substances is mainly related to the botanical composi- 
tion of the plant remains and their slow disintegration capacity. 
They are largely of protein origin, but partly chitinous, “ coprog- 
enous,” in nature, being skeletal portions and egg cases of insect 
and other animal life, and to some extent derived from spores and 
mycelial components. They are extremely resistant to decomposition. 
A high content .of nitrogenous peat substances should not be looked 
upon necessarily as an important factor in judging the manurial or 
soil value of peat and muck. Materials from other types of plant 
remains, though exhibiting smaller values of resistant organic nitro- 
gen, offer greater possibilities for meeting the agricultural and other 
requirements for soluble nitrogen. 

Features such as those described above, especially regarding the 
ether and alcohol soluble component, make the material valuable for 
fuel as peat powder or as machine peat in the form of air-dried 
brick-shaped blocks and for coking or distillation products, pro- 
vided the ash content is low. They are relatively less desirable 
for agricultural purposes or for use in gas generators on account of 
the presence of the resistant components and pitch-yielding and 
soot-forming by-products. 

Frequently the material shows a mottled coloring on account of the 
presence of sulphur accumulating either in a finely divided form, as 
small nodules, as crystals of iron and lime compounds, or in organic 
combination. Ferruginous inclusions are likely to be unavailable 
or injurious when available; they generally add some shade of red 
or yellow to the peat material when air dry, or, more rarely, the 
bluish tint of the phosphatic iron compound “ vivianite” (blue iron 
earth). Contaminations of that kind in fields not suitably drained 
retard considerably the growth of crops unless the peat material is 
well aerated, underdrained, limed, or supplied with finely ground 
reck phosphate and potash-bearing minerals. As mud baths, the 
saline phases of these types are reported to have proved medicinally 
valuable, and in European countries they have become the centers 
of health resorts. 


MACEHRATED TYPE. 
*““Mudde,”’ ‘“‘ Sapropel,”’ “ Gyttja.’’ 


Reddish brown to deep brown, more or less macerated plant re- 
mains with a fine-grained, oozelike plastic to sticky ground mass in 
various proportions, which occurs as a filler or binding material in 
the interstices between the less easily destructible fragments of plant. 
tissue. The material is derived indiscriminately from vegetation 
units bordering open water. Some of the original identity and 
form is retained in spores, pollen grains, seeds, leafy and other frag- 
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ments of pondweed material, bits of smooth and pustulate rootlets, 
and in the coarser woody, cuticular, or other resistant components. 
Animal derivatives, such as chitinized skeletal portions and egg 
cases from insects, are frequent. 

The data in Table I are intended to show the marked differences 
which may result from the presence of ether and alcohol soluble 
substances, nitrogenous compounds, and products valued in the dis- 
tillation of peat. 

Seasonal admixtures of clay, silt, and sand produce, as a rule, 
thinly laminated gritty layers, with cleavage planes which often 
contain leafy impressions, small stems, and other drifted material. 
The variations in mineral matter constitute phases of the type when 
the relative proportion, e. g., of iron, sand, silt, or clay, is above 40 
per cent. 
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Especially interesting in this connection are the marly and diato- 
maceous accumulations, which on account of their importance are 
treated here as subtypes. 

Characeous subtype-—Structureless, mainly calcareous plant re- 
mains, predominantly the deposition of calcium carbonate by green 
alge, such as the stoneworts Chara and Nitella; usually comminuted 
granular fragments, soft, friable, and cream colored to white when 
pure, yellowish to dark rusty red according to the amount of iron 
present, grayish brown to black and granular when admixed with 
herbaceous plant remains. 

Shell-marl phases are quite common among various types of peat, 
but the shell remains from mollusks are not an important factor in 
the production of the larger or more extensive accumulations of 
marl. Inclusions, such as calcareous tufa, concretions and nodules 
caused by blue-green alge or by bacterial precipitation, and flaky in- 
crustations on semiaquatic plants, mosses, rhizomes of herbaceous 
plants, and a form of fine tubular material derived from mats of 
stonewort buried essentially intact, are occasionally found embedded 
in the macerated types of peat material. Most of the calcareous sub- 
type of plant remains is covered with herbaceous organic matter, 
but outcrops and layers between beds of peat material are frequent in 
level valleys. 

Extensive deposits of marl and of marly peat materials of other 
types occur mainly in regions underlain by rock formations contain- 
ing limestone and in areas where streams, underground and spring 
waters, or the soil material adjacent to and underneath a peat area 
are derived from calcareous drift. 

Sandy, argillaceous, ferruginous, phosphatic, and peaty marls owe 
their names to their obvious admixture. Marly phases of peat are as 
a rule granular, grayish brown to blackish gray in color, and inclined 
to be high in available nitrogen when under cultivation. To re- 
store a proper balance in the ratio of plant food constituents, they 
therefore should not be treated with nitrogenots fertilizers. Where 
the amount of lime is too high, crops tend to become chlorotic and are 
susceptible to nutritional disturbances. 

Beds of pure marl are used in the manufacture of cement, and they 
furnish lime of value as an agricultural fertilizer. 

Diatomaceous subtype.—Structureless, mainly siliceous material 
from plant remains consisting of diatomaceous shells admixed with 
a varying proportion of sponge spicules, spore cells, macerated or 
fibrous plant material, and drift débris; hight gray in color and com- 
pact but of very little weight in proportion to its air-dry bulk; per- 
vious when free from impurities; blackish gray and plastic to sticky 
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from variations in amounts of well-disintegrated herbaceous aquatic- 
plant débris; brownish, loose, and mellow when permeated with 
fibrous roots from grasses, sedges, rushes, and other plants. 

These structural and color characteristics are sufficiently well 
marked in some deposits to constitute three phases in this subtype. It 
usually forms a well-marked layer at the greater depth of certain basin 


deposits, but it has been found also as a surface soil material, notably 


in a number of river valleys in the New England States. 

The plant remains are derived from diatoms and other vegetation 
of microscopic size and simple structure, such as desmids; green alge 
and species of Utricularia, Lemna, Riccia, and others are members of 
the vegetation unit floating freely in the quiet water of ponds and 
rivers. : 

Agricultural practices and possibilities are relatively unknown. 
Species of Calamagrostis, Phalaris, and Carex form the domi- 
nant vegetation cover of siliceous deposits on meadows of which the 
subsurface soil consists of macerated peat materials. 

Diatomaceous material has valuable abrasive properties. As “ in- 
fusorial earth” it is often employed for filtering, insulating, non- 
conducting, or packing purposes, as an ee and for making 
protective soundproof envelopes. 


COLLOIDAL TYPE. 
“ Lebermudde,” “ Saprokol,” ‘“‘ Dy.” 

Finely divided, distinctly geldtinous, plastic organic débris, olive 
green, yellowish brown, or greenish brown in color; dark gray to 
blackish brown, hard, and of the consistency of horn when dry. The 
material is in large part probably a flocculation product rather than 
the result of chemical reaction or other transformation, since it has been 
found mainly in basins which are fed by ground waters containing 
lime in solution or which overlie a calcareous mineral eae 
There appears to be nothing in this type of peat that may be inter- 
preted as of algal origin. The very small particles of plant remains 
are chiefly fragments from an aquatic vegetation which probably 
covered the open water area to the exclusion of other plant life. The 
organic débris seems to be derived largely from light-colored paren- 
chymatous rather than lignitic tissue or waxy and resinous compo- 
nents. Algal filaments are present occasionally, but less abundant 
than spores, pollen, seeds of water plants, animal ejecta, and other 
derivatives. Representative data of a chemical nature are given in 
Table I. ; 

The layer is a transitional one, since in position it occurs more 
commonly between a lower silty or clayey calcareous mudlke débris 
and an upper macerated type of peat. 
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DOPPLERITIC TYPE. 
‘* Dopplerit.” 


Blackish, structureless, compact, somewhat plastic, and homogene- 
cus débris of mixed origin. An organic complex (organic lime salt; 
ealecic humate), which is partly an end product of disintegration 
combined with lime and which probably results from a reaction be- 
tween disintegrating, oozelike and very finely divided fragments of 
a variety of herbaceous plants, soft, woody tissue, etc., in the pres- 
ence of ground water from sedimentary limestones or calcareous drift. 
The type has been found also as a surface layer on peat lands which 
appear to have been subject to prolonged shallow inundation of 
water carrying organic débris in suspension. The material is hard 
when dry, resembling bitumen or lhenite, occasionally of a shiny 
vitreous appearance resembling anthracite; it weathers into angular, 
irregular-shaped fragments which gradually break down into a fine 
black dust in overdrained fields. The chemical data in Table I are 
representative for this type of peat material. 

A similar organic complex but mainly ferruginous in character is 
found in some peat deposits (ferric humate) which appears to arise 
m a like manner through the action of chalybeate ground waters. 


THE MARSH GROUP OF PEAT MATERIALS. 


Types of peat material (autochthonous) from meadow stages of a 
vegetation series in treeless wet places with a water table near or 
shghtly above or below the surface, or partially submerged during 
part of the year. 

The peat materials are essentially fibrous and somewhat felty or 
matted, formed in the main from roots and rootlets of plants (radi- 
cellate peat). Macerated plant remains, seeds, fragments of various 
tissues, and woody components from shrubs are present in moderate 
or large quantities according to the degree of inundation of the area. 

The types are derived from various vegetation units, such as 
sedges, reeds, cat-tails, rushes, and grasses. If water-formed layers 
of peat material and their wind-blown or otherwise transported drift 
components described above are absent in the profile structure of a 
peat deposit, it points to the fact that the conditions for the growth 
of plants and the accumulation of their remains are entirely different 
from those already discussed. The noteworthy characteristic is the 
presence of roots which traversed the old soil or the shallow bottom 
of mud. The network of roots, rootlets, and rhizomes with its en- ° 
tangled matted mass of aerial plant remains also shows that the area 
had an initial water table near the surface or above it during only a 
part of the year. To the degree in which the plants form a closed 
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association and the rise of the water table is favorable for their 
growth, they become buried as extensive or fragmentary layers, essen- 
tially intact and fibrous or partially disintegrated. On account of 
the slight shrinkage of the plant remains, the respective layers which 
are “built up ” in this manner may constitute several feet of a deposit, 
but further increases in thickness practically cease unless there is 
considerable disintegration and shrinkage in the material or a rise in 
the ground-water ee from any cause. 

When an accumulation of structureless or macerated type of peat 
material formed in large part by aquatic vegetation units preceded 
and reached nearly to the water level, peat deposits of this class show 
as a rule a fibrous matted layer, more or less sharply differentiated 
in structure from the peat material below it. By the constantly ad- 
vancing growth of semiaquatic and marsh plants the fibrous mate- 
rials may gradually extend over the shoaling water, sink as their 
thickness increases, and thus give rise to filled-in deposits of peat. 
Water pockets are not uncommon as delimiting strata. 

This has an important bearing upon drainage, tillage, and other 
operations, and upon the possible uses of the land. In planning 
drainage improvements it is well to remember that deposits not too 
well drained are safer than those overdrained and that in this 
respect the distance between ditches and tiles is usually more 
effective and important than their depth. For areas of greater 
depths of peat or with poorly disintegrated grades of fibrous peat 
material it is necessary to anticipate a gradual but certain sub- 
sidence to as much as one-fourth of the original thickness. The 
decrease in the elevation of the surface should be met, therefore, by 
a provision for deepening the gravity outlet or for drainage by means 
of pumps. 

The marsh types of peat are among the most profitable for agri- 
cultural purposes, though several of them indicate in some instances 
the presence of salts which in sufficient quantity may injure certain 
cultivated crops. The nature of the mineral subsoil, whether clay 
or sand, may considerably affect the agricultural value and need 
for fertilizers, the former responding, it seems, more readily to phos- 
phates, the latter requiring phosphatic and potash manures, and to 
some extent lime. Marsh or fen types of peat are easily cleared and 
brought under cultivation, and they are suitable for a variety of 
crops if carefully drained or if the drainage channels are provided 
-with check gates. Some of the types when overdrained are apt to 
become brittle and easily break down to light-colored “muli” or 
granular peat dust. This is especially characteristic of fibrous 
sedge and of brown-moss (Hypnum) types of peat. Moreover, — 
marked differences may arise from the preponderance of semiaquatic 
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débris undergoing weathering and disintegration, As surface ma- 
terial this blackish fine-grained component is.almost impervious to 

“water, probably due to the absorption of air. Windbreaks, pref- 
erably of alder, maple, and willow, are necessary to prevent injury 
from dust storms to seedling crops, but a rotation which includes 
broad-leafed crops or plants with a fibrous root system to hold the 
fine-grained débris would be more advantageous and would aid in 
maintaining a favorable water content at the surface of the soil if 
irrigation measures are not feasible. 

The first crop to be planted deserves, therefore, careful considera- 

tion, as it materially affects the disintegration of the plant remains. 
On poorly disintegrated, fibrous phases of these peat types, potatoes 
and corn are considered desirable. Where droughts are of rare 
occurrence not much trouble has been experienced in keeping the 
ground water too low to injure crops of value in intensive modes of 
farming. Ferruginous peat material of these types would, however, 
prove more profitable if under cultivation for hay and pasture. 

The value of these types for industrial purposes is dependent on 
several factors, most important of which are the degree of disinte- 
gration, the ash content, and the impurities. The blackish, com- 
pact, well-decomposed phases with less than 20 per cent of ash 
produce less soot or ether and alcohol soluble and pitchy substances 
than the types of peat which contain the resinous and waxy bodies 
(see Table I). They are therefore considered preferable for the 
manufacture of power gas in gas producers where by-products are 
objectionable and their recovery is not contemplated. As machine 
peat, thoroughly ground, pulped, and air-dried, they yield a fuel 
of good quality, generally near 3,500 calories; they are clean to 
handle, give a relatively intense heat, and are well adapted for 
smaller manufacturing or farming communities and for domestic 
uses. The brick-shaped blocks of machine peat that are allowed to 
air-dry slowly contract into a dense mass covered by a gelatin- 
like outer layer which is reported to be a hydrocellulose rather than 
a resinous substance; it renders the machine-made product almost 
impervious to water, compact, and more resistant to breakage. 

The coarser textured, partly fibrous phases of peat appear to be 
preferable for composting and as a filler for tankage or a base for 
compounding with fine-ground mineral fertilizers. After excava- 
tion the moist peat material should be piled and stored in mounds 
20 or 30 feet high and kept under cover if possible for at least six 
to eight months. During that time the plant remains shrink con- 
siderably in volume and undergo a slow internal heating, granula- 
tion, and carbonizing process, which may be aided artificially by 
means of pipes heated with “exhaust” steam. The material has been 
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profitably employed for various uses, including those essential to 
agriculture and as powdered peat for fuel in blast burners, for firing 
steam boilers, and for other purposes. It has not yet been shown 
conclusively that this material will produce nitrates on a large 
scale 1f inoculated with nitrifying microorganisms, but culture 
beds of these types of peat would probably be preferable to other © 
media (5). 


REED-GRASS TYPE. 
“ Phragmites peat,” “‘ Schilftorf.”’ 
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Fibrous peat material, consisting mainly of a network of smooth 
and pustulate rootlets and stout hollow-stemmed, long, flat-pressed 
rootstocks (closed at the joints) of the tall reed-grass (Phragmites 
commumis) ; to a less extent are present the plant remains from species 
of Typha, Phalaris, Glyceria, Carex, or Sparganium. Macerated 
aquatic débris is found in varying proportions. The material is hght 
yellowish or reddish brown to rusty brown in color; older layers of 
this type are fairly compact, largely disintegrated, chocolate brown 
to blackish in color when exposed to the air, and frequently contain 
charred woody components. They are mottled in appearance when 
under poor drainage conditions, from infiltration and precipitation 
of sulphur or iron compounds. 

The type is more commonly found in peat deposits of the Central 
and Middle Western ‘States in layers of considerable thickness. 
As a peat-forming plant Phragmites is well distributed nearly 
throughout the United States, tolerant to brackish water and to 
ground waters which contain a variety of injurious mineral impuri-— 
ties in solution. ‘This renders the surface peat soil liable to saline 
incrustations drawn from the deeper strata; it tends to retard or 
prevent the appearance of shrub and tree stages of vegetation and 
may result in injury to deep-rooting crops when the area is brought 
under cultivation. On some of the deposits overlying pyritous shale 
or drift derived from pyrite-bearing rock formations the presence of 
mineral acids may sensibly diminish the cropping value of the land. 
The accumulation of iron at the surface may continue, in part re- 
placing the plant remains by ferric compounds and nodular concre- 
tions which vary widely in composition. 

In Tables I and II have been summarized the more noteworthy 
data of a physical and chemical nature for this type of peat. 
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Taste [1.—Physical characteristics of important types of peat. 


(Data from Zailer and Wilk (26-27).] 


100 parts of material. 


Specific 
volume 
Moisture free. Air dry, 25 weight a 
ja ee ee he pereentot materia 
Type of peat material.! water content, in 1 liter. 


Contain— Absorb— absorb— 


Organic Am- . Am- Ash |xy7,s 
matter.| “Sh. | Water-| monia. | Water: | monia. \content.| Weis 


See. A.—Aquatic group. | 
Per ct. | Grams. 
pe@acerated tyne. -- ~~. -i4-ceeec- BRCOESS Nebo: coe Saeed ce soBe ke osm SeeeeeEe meena Renee 
PACOMOLGHL UWPOs eu s tot cela clon wines Hecke Seok Ue COMMNSEP.. osc cea Meee Mentone a. Lt Erie eared 


.. GT GIANT see Bec noeaececood MCC esas ada: ced Emenee |Zenrcc ae irae DSi agin 


wne 


Sec. B.—Marsh group. 


4, Reed-grass type: - 


WEsoMISheS Meat CEOLOUS) 52 .\eccchacessc ache wetcecice| snc denocfeemetsas|ecnceces|ascecn ss 14.65 217 
Poorly disintegrated........- 86.02} 13.98] 888.1 0. 89 666 0.67} 11.80 277 
Partly disintegrated.......... 86.71 | 13.29} 871.4 -98 653 -74| 10.46 417 
5. Sedge type: 
DR erRee St CEENOUS rete racisiwe seas ['ait = - ena leeentee | a. - cc teal lonteteeicae pease teste fie caiatn cee 3. 84 221 
Poorly disintegrated........-| 98.27 1.73 |1,379.8 2.16] 1,035 1.62 3.97 260 
Partly disintegrated.......... 96.03 3.97 |1,122.4 1.09 1 . 82 3.51 288 
6. Brown-moss type: 
EP orp eee eH a CELONOUS) = > -/Sc.ucelea|a--- = /sin-| aeerae an « oi oo cepes aisle ctea Pets aic chee Reistanciae 7.61 95 
Poorly disintegrated......... 92. 86 7.14 |1, 506.8 1.22] 1,130 92 5.73 187 
Partly disintegrated.......... 94. 25 5.72 | 887.3 2.41 665 1.81 3.32 204 
Sec. C.—Bog group. 
7. Bog-moss type: 
Sphagnum peat (fibrous)........- 97. 92 2.08 |1,604. 2 1.83 | 1,203 1.37 1.93 88 
Poorly disintegrated... ...-.- 99.38 |  .62 1,635.5] 2.64] 1,226] 1.98 .64 113 
Partly disintegrated.........- 95. 87 4.13 |; 524.1 2.02 393 1.52 3. 21 157 
8. Arrow-grass type: 
Scheuchzeria peat...-...........- 96. 16 3.84 |1,210.3-| 2.24 908 1.68 3. 80 162 
9. Cotton-grass ty pe: 
Eriophorum peat ......-..--..--. 99. 46 54] 974.3 3. 46 731 2.60 -59 121 
10. Bog-shrub type: f 
EVGA TM Dea te can cass <msseit es 89.99 10.01 456.0 2.30 342 1.73 10.01 297 
Sec. D.—Swamp group. 
11. Alder type: 
Alnus peat; poorly disintegrated .| 98.35 1.65 | 564.5 3. 83 424 2. 87 1.60 287 
12. Birch type: A | 
Betula peat— 
Poorly disintegrated. .......- 97.91 
Partly disintegrated 
13. Deciduous-forest type....-.------|--- 
14. Coniferous-forest type.....-..-----|-..---.- | 


1 Although no definite data are at present available regarding the physical characteristics of types corre- 
eponding tothe numhers 1, 2,3, 13, and 14, the designations of those ty pes are here retained in order to show 
their relationship in the classification. 


SEDGE TYPE. 
“Carex peat,’ ‘‘ Seggentorf.” 

(a) Light-brown or reddish to dark-brown, fibrous, felty peat 
material, mainly composed of finely fibrous roots and pustulate root- 
lets of sedges (Carex spp.) ; more or less uniform in appearance and 
compact, though porous; often recognized by the presence of the 
coarser fragments of (triangular) sedge culms; occasionally present 
are the plant remains and sheathed culms of Scirpus spp. or the 
matted rootstocks of Juncus spp. The macerated components from 
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aquatic-vegetation forms and the finely divided débris which con- 
tains seeds, pollen, spores, and chitinous and other’ fragments may 
be present in varying proportions. Older and more disintegrated lay- 
ers vary in color from dark brown to brownish black and readily 
become granular when weathering. 
The type is derived from a pitied stage of sedge marsh or wet 
meadow, formed in part by rushes and other grasslike plants which 
are usually present in many peat deposits; they are characterized 
very frequently by the dense clumps or tussocks of Carex stricta. 
Semiaquatic plants are abundant in the water-logged depressions 
between the tussocks of sedges, while many herbaceous plants find 
lodgment in such places on the drier ridges and hummocks. 
(6) A subtype which is more characteristic in the transition series 
to the bog group of peat materials consists similarly of a finely 
fibrous feltlike network from rootlets and underground scale-lke 
leaves and stem portions of a variety of sedges, but usually includes 
the thickish rootstocks of the buckbean (Menyanthes sp.) and the 
threadlike stems of several bog plants. The material is grayish 
iS brown to dark brown in color. It is not easily distinguished from 
| the peat material formed by sedges which occupy open-marsh 
meadows, except, perhaps, for the occasional resinous and waxy 
components from bog, heath, and other plants and in the fact that the 
lower contact layers are often poorly differentiated from the struc- 
tureless material which formed below the floating pies mat. Pockets 
of water are not uncommon. 

| The plant remains in the bog-sedge subtype show a rather widely 
varying admixture of sphagnum mosses, cranberry (Vaccinium spp.), 
and other heath plants. Among the sedges Carex jiliformis is espe- - 
cially active on northern peat-land areas in extending the floating 
marginal platform of a bog meadow. 

The material of poorly disintegrated sedge peat is quite resistant 
to cutting, plowing, and weathering. It is inclined under excessive 
drainage to form a mull, or dust, which is peculiar also to a few other 
types of peat material. 

Various physical and chemical data are given in Tables I and II, 
among which are the striking differences in ether and alcohol soluble 
extracts. . 


BROWN-MOSS TYPE. 
“ Hypnum peat,” ‘Astmoostorf.” 


Brownish green to drab-colored, light, spongy, matted material, 
often laminated and porous in appearance, derived mainly from the 
entire plants of various species of Hypnum mosses or related forms 
and containing an interbedded admixture, in varying proportions, of 
finely fibrous rootlets from sedges, etc. 
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The material disintegrates rather poorly and becomes brittle when 
overdrained, breaking down into a dust, or mull. Older layers are 
blackish in color and appear more or less structureless. 

The type is more generally a transition feature to the bog group 
of peat materials; it is found in peat deposits in the Northwestern 
States and seems to occur there in considerable thicknesses. In the 
Central and Eastern States it is found only in layers and pockets of 
irregular size, heavily admixed with the plant remains of species of 
Carex, Phragmites, and other peat-forming plants. Tables I and II 
eontain the more important physical and chemical data for this type 
of peat. 

THE BOG GROUP OF PEAT MATERIALS. 


Types of peat material (autochthonous) from bog-meadow and 
bog-shrub stages of a vegetation series in wet places, with the water 
table near or slightly below but rarely above the surface. 

The plant remains are characteristically spongy and porous or 
matted-fibrous to wickerlike peat, somewhat resistant to disintegra- 
tion, reddish, yellowish, and deep brown in color. The interstices are 
filled with a macerated débris in varying proportions, often soft and 
oozelike, in which fragments of cell complexes are usually well 
enough preserved to be determinable. The resinous constituents and 
the threadlike rusty brown root fragments of heaths with mycelial 
fungi are an important factor in lending the specific character and 
value to this group. In transition stages the finer débris or ground 
mass forms a considerable portion of the material, with intergrada- 
tions from structureless plastic-appearing substances discerned with 
difficulty to clearly recognizable fibrous and woody fragments. 

The materials are derived from vegetation units which appear first 
as scattered, more or less localized plant associations in the marsh 
stages of a peat deposit. It seems that the succession of marsh to 
bog has taken place far more frequently than recognized hitherto, 
since sections through the profile of the lower layers of peat deposits 
in many localities show clear evidence that the area was formerly 
occupied by marsh vegetation: Quite similar stratigraphic succes- 
sions leading from marsh to bog recorded in the peat deposits of 
European moors have been recognized in this country. In lacustrine 
deposits, however, bog vegetation appears often as foreland com- 
munities and immediately following the semiaquatic stages of a vege- 
tation series after the accumulation of macerated, structureless, water- 
formed peat has reached nearly to the water level. By means of 
much-branched interwoven underground stems and fibrous rootlets 
they border open water or completely surround it as a floating mat, 
which rises and falls with the seasonal variations in the water table 
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or sinks and becomes buried as a layer of fibrous peat firm enough to 
support trees. 

Bog-plant associations may occur in marshy and wooded areas of 
valleys and uplands, and they may form definite sedge or “ grass” 
bogs, “moss” bogs, and “heath” bogs under field conditions which 
inhibit the natural growth of plants other than the bog xerophytes. 
They are believed to be glacial relicts from a former more general dis- 
tribution of boreal plants, some of which are represented in Europe 
and Asia by the same or closely related species. Most of these plants 
are now confined to an area extending from the north Atlantic to 
the Mackenzie basin in northern America, in which they attain 
their best development, and to locations with high atmospheric hu- 
midity. In their southern limits of distr ‘ibution they maintain them- 
selves, it seems, on account of soil conditions which indicate physio- 
logical drought as distinguished from physical drought. A discus- 
sion of the selective action of the soil stratum which allows bog 
plants to outgrow others, the effects on certain cultural plants used 
experimentally, and the possible causes of physiological drought 
offered in explanation of this fact has been published elsewhere 
(ZOE 

Where climatic conditions, such as high atmospheric humidity, are 
especially favorable these plant associations may spread laterally 
over adjoining land surfaces or move up well-defined slopes of low 
hills. If the ground water, designated aerial as distinguished from 
telluric, rises in proportion, they may react upon other vegetation 
units. In northern countries of Europe they build up high moors, 
invade forests, and destroy with their accumulation a part or all 
of the tree covering. 

The peat materials of this group weather slowly if improperly. 
drained, and. they require fall plowing and freezing, with frequent 
packing by heavy rollers, to maintain good tilth and the upward 
movement of soil water. Of considerable practical moment is the 
fact that as a general rule the amount of mineral matter is very low. 
in these types and that applications of complete mineral fertilizers 
and stable manure for inoculation with beneficial soil microorganisms 
appear to be more effective in establishing a normal balance of 
plant-food constituents and of bacterial action than in any of the 
other groups and types of peat material. The cultivation of grasses 
for hay and pasture or of potatoes as a first crop and corn, preferably 
for silage purposes, are known to be profitable in the preparation 
of these peat types for other farming practices. 

The shrinkage on dewatering is very much slower than that which 
occurs. when marsh or swamp and aquatic types of peat are sub- 
jected to drainage operations. With underlying water-formed 
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plant remains or with water pockets as delimiting layers, the ac- 
cumulation of bog peat may settle to a considerable extent. A change 
in the elevation of the gravity outlet or drainage by pumping may 
later be the only feasible method of relief. It is important, there- 
fore, in designing drainage improvements to anticipate a subsidence 
of 10 to 25 per cent in the original profile of the deposit. Many 
bog peat-land areas are now deteriorating because the drainage 
systems laid out by an earlier generation have not provided for 
this shrinkage or have been allowed to get out of repair. Where 
seepage waters and springs arise along the hills bordering the valley 
or basin, intercepting ditches are extended along the lower edge of 
the high lands and provision is also made for the annual removal 
from the drains of any iron or other compound, sand, silt, or invading 
vegetation. The washing in of mineral impurities should be re- 
stricted to the lateral ditches. Saline constituents when present in 
these types of peat tend to appear and to accumulate at the margins 
as iron pan and bog iron or in the form of irregular patches of con- 
eretions near the ditches or overlying subterranean drainage waters 
and springs. The ground-water supply, springs, and the mineral 
subsoil especially require attention in regions of rock formation 
which contain an excess of soluble salts. 

Only the fibrous and poorly disintegrated surface layers of these 
types are of value as litter and mull if properly dried and shredded 
(Table 1). A rapidly growing industry in Europe is using these 
plant remains for manufacturing purposes, and they are greatly 
to be recommended for use in this country. The materials are 
shredded by simple tearing machinery and passed through rotary 
sieves to separate the finer mull from the fibrous material, which 
may be used for bedding live stock, for insulation and packing, in the 
manufacture of special grades of charcoal for metallurgical pur- 
poses, of pulp, pads, fiber, or alcohol (by converting cellulosic com- 
ponents into sugar with diluted sulphuric acid). Shredded peat ma- 
terial from certain species of sphagnum mosses, relatively free from 
inorganic impurities and of uniform composition, has been used as 
surgical dressings for wounds and as pads for patients with dysen- 
tery on account of its high absorbent value. It is in many respects 
a good substitute for medicated cotton. 

There is an increased demand in Europe for sphagnum mull prod- 
ucts, the particles of which are not larger than one-eighth of an inch 
(3 mm.) in diameter, as an ingredient with molasses in stock feed 
for fattening purposes and to prevent disorders. Mull from sphag- 
nums as well as from Hypnum mosses and fibrous sedge peat has 
been employed profitably for packing, as an effective deodorizer and 
disinfectant for use in receptacles holding waste animal matter, and 
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as an absorbent of gases (Table I1) and of the valuable nitrogenous ~ 


material of stables. The advantages of mull as powdered fuel in 
blast burners are considerable and of great importance for certain 
localities. The firing is reported to give a higher fuel efficiency and 
is relatively smokeless on account of the intimate mixture with the 
air or gases used. Moreover, there is the possibility of regulating 
the.supply required for complete combustion. The change from 
oxidizing to reducing flame and from low to very high temperatures 
can be accomplished quickly. 

The poorly disintegrated phases of these types of peat make a very 
inferior grade of fuel. With the same treatment through pugging or 
macerating machines, they make a bulky product, light in weight 
(Table IT), dusty and brittle when dry. The well-disintegrated layers 
of the same plant remains form a much finer grained, uniform, com- 
pact mass. The methods and machinery employed for working bog 
types of peat material, either for use as litter and mull or for heat and 
power, as machine-shaped air-dried blocks of peat for direct firing, 
for gas generators, or for distillation products, should therefore be 
determined in each individual case by a careful preliminary exami- 
nation. It is obvious that only such deposits permit successful de- 
velopment as provide not only the quantity and quality of peat 
materials required, but if utilized would not cause an impairment of 
the land value of the underlying mineral soil. In Europe the most 
profitable utilization has been a combination of both the technical and 
the agricultural possibilities to which the peat area may be put dur- 
ing and after the removal of these materials. 


BOG-MOSS TYPE. 
“ Sphagnum peat,” “ Bleichmoostorf.” ~ 


Loose, spongy. fibrous or matted-porous, often layered plant re- 
- mains from the entire plants of different species of sphagnum mosses, 
usually with an admixture of other bog-plant material; light grayish 
brown, yellowish, or deep brown in color, according to the degree 
of disintegration and the species of moss predominating. Where the 
development of the layer has been gradual and the extension of the 
mat has become anchored or has been built up, the material consists 
of poorly disintegrated remains of moss with relatively small 
amounts of macerated débris and finely fibrous sedge peat. Frag- 
ments from heath plants are present in varying quantities. 

In the floating-mat phase and in the deeper layers of bog-moss 
peat which are more advanced in stages of disintegration, the plastic 
or oozy component occurs in greater abundance. The material is 
dark brown to blackish in color and shrinks considerably upon dry- 


ing. 
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Except in a few Northern States and in Canada the built-up layers 
of bog-moss peat are rarely of great thickness or purity in plant 
composition. Other peat-forming plants which usually accompany 
sphagnum mosses are the cranberry (Vacciniwm spp.), sundew 
(Drosera spp.), arrow grass (Scheuchzeria sp.) , cotton grass (L'rioph- 
orum spp.), Rynchospora spp., Menyanthes sp., various species of 
sedge (Carex), and others (5). 

The rarity of sphagnum peat is noteworthy and, together with 
the rather restricted occurrence at the present day of “ moss” bogs 
as compared with sedge or “grass” bogs and “heath” bogs, is in- 
teresting, since sphagnum mosses are by many considered to be the 
starting point and the type plant association of peat deposits. 

Considerable work has been done upon the physical and chemical 
features of this type of peat material, some of which has been sum- 
marized in Tables I and II. Other correlative phenomena have 
been discussed in a previous publication (5, p. 386-892). 


ARROW-GRASS TYPE. 
““Scheuchzeria peat,’ ‘‘ Beisentorf.” 


COTTON-GRASS TYPE. 
“ Hriophorum peat,” ‘ Wollgrasstorf.’’ 


These two types are generally a composite in the peat accumu- 
lations of this country. The plant remains appear to be rarely 
of the thickness of accumulation or homogeneity in composition 


’ recorded for European deposits. They are derived from bog plants 


which associate with or follow closely a zone of the sphagnum-cran- 
berry stage of bogs in our northern peat deposits. 

The peat material is rusty to reddish brown, rather coarsely 
fibrous from plant remains, such as roots, rootlets, leaf bases, and 
leaf fibers of the wool or cotton grass (Zriophorum spp.) and of the 
arrow grass (Scheuchzeria sp.), roughish from the clustering of 
culms, with varying admixtures of the grayish to dark-brown par- 
tially disintegrated sphagnum mosses and the finely threadlike 
material from cranberry and similar heaths. 

The coarser fibered Eriophorum component is quite resistant to 
disintegration and to cutting processes. When relatively pure in com- 
position Eriophorum peat is deemed of considerable value for textile 
purposes, the manufacture of cloth, and similar technical uses. 

The type of material in which the plant remains from arrow grass 
preponderate consists of a reddish finely fibrous network of rootlets 
inclosing thin scalelike leaves and leaf bases of this plant; the peat 
material is inclined to be brittle when dry and breaks down into mull 
or peat dust. Chemical and other data are given in Tables I and II. 
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BOG-SHRUB TYPE. 
“Heath peat,’ “ Reisertorf,’ ‘‘ Heidetorf.” 


Reddish to rusty brown wickerlike peat material, partly finely 
fibrous from rootlets, but with numerous small twigs forming a 
prominent proportion. The woody fragments are derived from roots, 
stems, and branches of various bog shrubs, mainly heaths; the mac- 
erated ground mass is more or less resinous. 

The type is often accompanied by a marked occurrence of highly 
ferruginous impurities either distributed through the mineral sub- 
soil as a hard impermeable layer or pan or in the form of bog iron 
on and near the surface. In coastal climates the bog shrubs show 
beneath the peat material a layer of leached-out whitish or gray 
sand of varying thickness; underlying it is a characteristic blackish 
or yellow to rusty brown iron-stained sand, which often contains 
much of the mineral material and organic colloidal complexes leached 
from the upper sandy layer. -The soils when denuded of their 
surface covering of peat material appear to be unsuitable for ordi- 
nary farming practices unless well handled. Pans, however, are by 
no means confined to heath bogs; they often occur in forests and on 
certain marshy and cultivated sandy soils. 

The plant remains in heath peat are derived largely from bog 
shrubs, among which Andromeda sp. and Cassandra (Chamaedaphne) 
sp. are the most prominent of the ericaceous plants. Other genera, 
such as Ledum, Vaccinium, Myrica, and Kalmia, are less numerous in | 
individuals and not so general in their distribution as to give rise to 
specific types of heath peat. In some of the sphagnum-cranberry bog 
meadows they are present in sufficient numbers to make a dense 
thicket, thus shading and even destroying the vegetation which 
covers the ground. The plants spread rapidly by means of long 
horizontal underground stems, from which arise at intervals erect 
leafy branches. 

Empetrum nigrum and Calluna vulgaris occur very rarely on bogs 
in the United States, but they are among the low evergreen heath 
shrubs in the bogs of Canada and occur generally on the bogs or 
high moors of northern European peat deposits. 

The chemical and other data cited in Tables I and II relate to 
heath types of peat on high moors. 


THE SWAMP GROUP OF PEAT MATERIALS. 
Types of peat material from coniferous trees and from deciduous 
shrub and tree stages of a vegetation series on a wet substratum with 
the ground-water table generally below the surface during part of 
the year, as in bog forests and pond swamps, or partially submerged, 
as in river and coastal swamps. 


~~ 
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The peat materials are characteristically a shrub or a forest litter. 
The greater proportion consists of woody material; roots, trunks 
of trees, branches, bark, twigs, etc., in a tangled mass, are in all 
stages of disintegration and more or less in such a state of preserva- 
tion as to be determinable. In this are the remains from leaves, ferns, 
mosses, scales, the rootlets of herbaceous plants, and fungal hyphe 
and spores more or less plainly recognizable. The material which 
fills the interstices consists of semidecayed weathered tissue and 
granular débris of great variety, comparable in structure with 
amorphous water-formed peat material, but free from the more 
obviously transported drift of lacustrine and valley or estuarine 
deposits. 

The most critical factor in origin is the position of the water table. 
Trees instead of herbs and shrubs take possession of a wet marsh 
or bog area and gradually become the dominant peat-forming plant 
cover if the average water level during part of the time is suf- 
ficiently far below the surface of peat accumulation to favor weather- 
ing and longer periods for decay and for the products brought about 
by beneficial bacteria and fungi. 

The deciduous-tree stage forms the end of the vegetation series; 
it indicates that an approximate balance is maintained between the 
amount of peat accumulation and the rise of the water level favor- 
- able for the growth of trees and that disintegration and loss of 
plant remains go on each year at about the same rate as the addi- 
’ tion to the deposit made from the mature forest. Only when there 
is a marked and sufliciently prolonged elevation of the water table 
from any cause will plants of other vegetation stages reappear, 
establish themselves, and begin again the accumulation of peat 
materials. 

Many factors may operate to affect the relationship of the water 
level to the surface, and the resulting types of organic material may 
vary, therefore, quite as much from climatic and other regional 
changes as from local features or artificial obstructions. A number 
of layers of forest litter in a peat deposit containing stumps and 
roots of trees naturally must be interpreted to indicate an equal 
number of modified field conditions for peat accumulation. 

‘The presence of roots of trees in the substratum soils of a peat 
deposit or its bottom muds and the details of stratigraphic sections 
are features of considerable practical importance. They point to 
the fact that the area under consideration is in widely different con- 
dition for peat deposition and for the disintegration of material 
from that of filled basins.. Originally in a land area with drainage 
well established the water table became elevated, probably through 
varying coastal subsidence, accompanied perhaps by irregularities 


<= 


36 BULLETIN 802, U. S. DEPARTMENT OF AGRICULTURE. 


in barrier formation or, more likely, with the accumulation of 
plant remains, and it practically maintained itself over the area of 
active peat formation in close adjustment to the growth of the 
plants holding back the natural drainage. Areas of that class of 
peat deposits can be drained to the bottom and rarely need the 
more elaborate drainage measures which aim to reduce the amount 
of overflow. in swamps and marshes resulting from river inunda- 
tion. 

Attention needs to be called to the fact that the dominant timber 
component alone is not always significant of the capabilities of these 
types of peat material. The plant remains derived from evergreen 
shrubs, such as the azalea and rhododendron, or from deciduous 
undergrowth in forests may alter the value of the material con- 
siderably. This is well illustrated in the distinction made by some 
authors between the “mild humus” characteristic of deciduous for- 
ests, well aerated and containing beneficial soil organisms, and the 
“raw humus” found in coniferous forests in which decay-producing 
organisms are usually less abundant. 


ALDER-WILLOW TYPE. 
“ Alnus-Salix peat,” “* Bruchwaldtorf.”’ 


BIRCH TYPE. 
“ Betula peat,” ‘“ Ubergangswaldtorf.” 


Brown to chocolate-brown peat material, wickerlike in appear- — 


ance on account of the numerous small twigs and branches of alder 
(Alnus spp.), willow (Saka spp.), and other species of deciduous 
shrubs which form a considerable portion in the fibrous or frag- 
mental plant remains. The woody components often consist of 


bark and other recognizable, slowly disintegrating parts from birch - 


(Betula spp.), but with the exception of the resinous components the 
material isas a rule relatively soft, easily cut, and tends to become 
brittle and granular when dry, breaking down into a blackish 
coarsely grained débris. Material which is well disintegrated or 
contains a large proportion of plastic ground mass takes on a com- 
pact structure and often resembles a hard substance when dry. 

The plant remains are derived from shrubs, among which the 
alders, buttonbushes, and willows are the most common. Birch and 
ericaceous heath shrubs appear to be more numerous in individuals 
on peat deposits of the Northern States and in European countries. 

The analyses presented in Tables I and IT are intended to point out 
some of the features of practical value to agriculture and to tech- 
nical interests. , 

DECIDUOUS-FOREST TYPES. 
‘“* Laubwaldtorf.” 

Loose, mingled débris of partly decayed branches, twigs, bark, and 

other aerial parts of plants falling to the ground and becoming in- 
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corporated in a more or less disintegrated leaf mold, which contains 
also the remains of herbaceous forms, ferns, and other vegetation 
growing in a mature hardwood forest. The older material of the 
layer is usually brownish black, woody, granular, with an abund- 
ance of fungal hyphe. This débris characterizes the more fertile 
area, a large proportion of which is often brought under cultivation 
with a small expenditure for fertilizers on account of the finer tex- 
ture of the well-weathered material and its aerated condition. 

The types of most frequent recurrence but which at present must 
remain without further characterization are the maple-ash-elm 
(Acer-Fraxinus-Ulmus) type in swamps and bogs of the Central 
and Northeastern States, often associated with oak (Quercus spp.) 
and basswood (7Z%lia sp.) or with conifers, and the gum-maple 
(Nyssa-Acer) type in the swamps of the Southeastern States. The 
data in Table TI serve to show the relative value of the Kuropean type 
of deciduous-forest peat. 


CONIFEROUS-FOREST TYPES. 
“ Pohrenwaldtorf.”’ 


Reddish brown plant parts from evergreen trees or from a mixed 
stand of conifers and deciduous forest trees which differ much in 
their resistance to weathering and decay agencies. The proportion 
of fibrous or leafy material and of weathered products from shrubs 
and herbs is quite variable. The ground mass in which the more 
- resistant components are embedded is soft, plastic, and under mode- 
rate draining conditions becomes granular rather slowly. In over- 
drained deposits it dries and shrinks greatly and frequently takes 
on the consistency of a compact substance, impervious to water, espe- 
cially when resinous material comprises an important element in the 
woody components. Experience indicates that coniferous peat ma- 
terials are likely to be of low value for intensive farming purposes, 
even several years after clearing. 

For each geographical or climatic district there are usually repre- 
sentative tree species which establish themselves, first scattered, then 
im a zone near the shore of lakes or valley channels, and eventually 
cover the entire peat-land area. As they grow taller they intercept 
a large amount of light and thus eliminate and displace the herba- 
ceous and even shrubby undergrowth. The water of a heavy rain- 
fall is held back sometimes to a considerable depth by the dense 
growth and tangle of fallen vegetation, thus extending the swamp 
conditions over adjoining areas. The larger number of trees have a 
shallow superficial root system, which may be removed by various 
methods of clearing, such as brushing, blasting, pulling, or burning. 
The plan of “ brushing out” the land, plowing shallow the first time, 
gradually increasing the plowed depth from year to year, and ee 
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ing the land to grasses and clover with rye or oats is believed to be 
the cheapest and best of any of the several methods practiced. 

The several types of coniferous forests, such as the tamarack 
(Larix sp.), the northern white cedar or arbor vitae (Thuja sp.), 
and the spruce and pine (Picea-Pinus spp.) of northern bogs, the cedar 
(Chamaecyparis sp.) and the cypress (Taxodiwm sp.) of coastal and 
southeastern swamps, or the mixed type which is characterized by 
various conifers and deciduous hardwood species, must remain at 
present. without further description. In texture and color the sev- 
eral peat materials appear to have much in common, though they 


are derived from the dominant species of trees representative of the 


region. The sharper contrasts are undoubtedly more prominent in 
the woody and resinous components and other plant remains, as well 
as in the condition of their decay and in the manner of the accumula- 
tion, that is, whether the deposits are the result of river inundation 
or formed in isolated tracts, fed by seepage and springs, where 
drainage features are correspondingly very different. Table I con- 


tains the more important chemical data for a type of European 


conifer-forest peat. 


ey aa, 
ae. 
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OLIVE CULTURE IN CALIFORNIA. 


With the single exception of Arizona, olive culture in this country 
is limited to California, where the tree was introduced in the early 
days by Spanish priests, the first grove being planted in San Diego 
in 1769.2. This origin is recorded in the name of what is to-day the 
most popular variety, the Mission olive, a descendant of the early 
plantings. The culture of the olive has extended until there are trees 
in 38 counties, the important counties being Riverside, Tulare, Te- 
hama, Los Angeles, Butte, Fresno, San Bernardino, and Shasta. In 
the spring of 1916 a State census showed 834,939 bearing and 515,221 
nonbearing trees. In general, the olive-growing sections may be 
roughly grouped into three districts. The northern district, in the 
Sacramento Valley, centers in Butte County, with some groves as far 
south as Sacramento, and many fresh plantings in southern Shasta 
County, the farthest north. This district is one of the most im- 
portant, and contains an enormous number of trees not yet bearing. 
‘The central district is in the San Joaquin Valley, principally in 

1The authors wish to acknowledge their indebtedness to V. B. Bonney for a portion of 
the analytical work done in 1916, and to W. W. Karnan for a part of that conducted in 


1914. 
2 Ann. Rept. Calif. Development Board for 1916. San Francisco, 1917. 
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Tulare and Fresno counties, centering at Lindsay and Fresno. Re- 
cently some very extensive planting has been done in Tulare County. 
The southern district lies in the territory centering around Los 
Angeles and San Diego. Although the oldest, it is, or soon will be, 
surpassed in production by both of the other districts. There are 
some groves also in a few sheltered valleys along the southern coast, 
and elsewhere, but they have little commercial importance. Planting 
is being done in the Imperial Valley. In 1916 the State’s estimated 
yearly production was 1,000,000 gallons of olive oil and 300,000 6-gal- 
lon cases of pickled olives... The rapidly growing popularity of the 
pickled ripe olives and the protection afforded to olive oil by food 
legislation have given a great impetus to the industry. 


VARIETIES OF THE OLIVE GROWN IN CALIFORNIA. 


The varieties of olives that have been grown in California are very 
numerous. The California Agricultural Experiment Station has 
reported analyses of 57 varieties.2, The important ones, however, are 
limited in number, the favorite varieties being, in approximate order 
of importance, the Mission, Manzanillo, Ascolano, Sevillano, and 
Nevadillo Blanco.* Since the Nevadillo Blanco is more important as 
an oil olive than for pickling, the observations reported in this bulle- 
tin have been limited to the first four named. The Oblitza olive, a 
large Dalmatian variety, is also used for pickling. The olive was 
originally grown largely for oil, but more recently the pickling 
varieties have been in greater demand. The following descriptions 
of the five varieties are based in part upon material recognized by the 
industry under the respective names and in part on publications of © 
the University of California.* 4 

Mission—This name denotes the variety derived from the old 
mission groves, and possibly covers several subvarieties. Of these 
the common or broad-leaved Mission is the one generally known as | 
Mission. The fruit is of medium to large size, about ten-sixteenths to 
twelve-sixteenths inch in diameter; ovate, oblique—sometimes very 
much so—tip rather pointed; fruit variable in size; pit straight or — 
somewhat curved, usually with a sharp point. (PI. L.) 

Manzanillo—tThis variety was imported from Spain. It is a 
medium to large-sized olive, about the same as the Mission, approxi- 
mately ten-sixteenths to twelve-sixteenths inch in diameter; quite 
regular, rounded oval, more nearly globular than the Mission, and 

1 Ann. Rept. Calif. Development Board for 1916. San Francisco, 1917. 

2 Rept. of Work of Agr. Exp. Sta., Univ. Calif., 1898-1901, pp. 263-307. Sacramento, — 
8 i J. Wickson. The California Fruits and How to Grow Them, pp. 335-350. San 
Francisco, 1914. 


4Rept. of Work of Agr. Exp. Sta., Univ. Calif., 1898-1901. Acknowledgments are 
due F, T. Bioletti for reviewing these descriptions. 
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FIG. |.—MISSION OLIVES, FRESH. 


Fic. 2.—MISSION OLIVES, PICKLED. 
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Fic. 1.—MANZANILLO OLIVES, FRESH. 


FiG. 2.—MANZANILLO OLIVES, PICKLED. 
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more rounded on the outer end, and with little indication of a point; 
pit straight, shorter than the Mission, and with the greatest diameter 
nearer the apex, often with a short, sharp point at the apex. 
GPh,. 1.) 

Ascolano.—This is a very large olive, twelve-sixteenths to eigh- 
teen-sixteenths inch in diameter; shape a rounded oval with some in- 
dication of a point, resembling an exaggerated Manzanillo; very soft 
and tender when ripe; pit with a short, sharp point at the apex. 
Ce. TIT.) 

Sevillano.—This is also a very large fruit, the largest of the Span- 
ish varieties, and supposed to represent the one exported from Spain 

s “Queen ” olives, from fourteen-sixteenths to eighteen-sixteenths 
inch in diameter; shape ovate, oblique, resembling a large Mission; 
very soft and tender when ripe; pit pointed and exceedingly rough, 
and sometimes with very sharp-pointed projections along its sides. 
re. tY¥.) 

Nevadillo Blanco.—This variety is small to medium in size, from 
eight-sixteenths to eleven-sixteenths inch in diameter; relatively long 
compared to diameter; pit comparatively large, quite curved, distinct 
veins on surface, and with a short, sharp point at apex. 

The size statements in these Beeeri phon refer only to the average 
run on the tree. Commercially all olives are separated into grades 


of different sizes. 
OLIVE-PICKING SEASON. 


The picking season for the olive varies greatly. It is influenced 
-somewhat by variety, but more by locality. In the warm inland val- 
ley of the northern district the fruit matures earlier than in the 
southern portion of the State. The Manzanillo matures somewhat. 
earlier than the Mission. In Butte County, in the northern district, 
Manzanillos are often picked about the middle of October, Missions 
late in October or about the first of November, and all varieties are 
gathered by January 1. In fact, there is danger from frost during 
December. In the southern district Manzanillos may be picked about 
November 1 and Missions about November 10. Ascolanos are picked 
about November 1. All olives are off the trees by February 1 to 15. 
In some exposed places nearer the coast the seasons may be still later. 


CHANGES IN COMPOSITION DURING RIPENING. 


Any study of the ripening of the olive must be preceded by a con- 
sideration of its constituents. The following are known or have 
been reported: Fixed oil, protein, mineral matter, mannit (in the 
immature fruit only), an oxidizing enzyme acting on the oil, the 
enzyme emulsine and a glucoside “oleuropein,” wax, reducing 
sugar probably dextrose.2. De Luca? and others? claim to have iso- 


1@. Wehmer. Die Pflanzenstoffe, p. 600. Jena, 1911. 
2 Areh. Pharm. (1902), vol. 240, p. 475, 
3 Rend. accad. sci. Napoli (1865), p. 79. 
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lated mannit from the immature olives, but more recently Hart- 
wich and Uhlmann?’ declared that its presence had not been con- 
clusively shown, and stated that they could not detect it. These 
authors, who followed microscopically the development from bud to 
fruit, state that there is no starch in the olive at any stage, with the 
exception of cells adjoining the stomata. These writers also re- 
ported that. glucose was present in almost all stages of development, 
and they believed it to be the substance from which the oil is formed. 
Of interest is the glucoside discovered by Bourquelot and Vintilesco ? 
and named by them “ oleuropein.” Subsequently? they isolated it 
in a state of comparative purity, finding it powerfully levorotatory 
and yielding d-glucose on hydrolysis by dilute acid or emulsine. 
They reported it as possessing a strongly bitter taste, which is of 
special interest, since it thus appears probable that this is the sub- 
stance, or at least one of the substances, which gives to fresh olives, 
both in their green and ripe state, their intensely bitter flavor, mak- 
ing it impossible to eat them until the bitter principle has been re- 
moved by the pickling process. Also Bourquelot and Vintilesco,‘ 
by the use of invertine, claim to have demonstrated the probable 
presence of very small amounts of sucrose in the olive. 

A number of studies on the ripening of the olive in Europe are 
given in the literature on this subject. De Luca seems to have been 
the first investigator, beginning in 1861. He showed the increase 
in the volume and weight of the fruit and that the oil increased gradu- 
ally from the time the pit was formed. In 1878, Roussille® pub- 
lished analyses following the ripening and showing an increase of 
oil in the fruit flesh from about 1 per cent in July to 34 per cent at the 
end of November. Funaro published similar analyses,’ tracing the 
oil in the fruit flesh from a very low figure in the latter part of July 
to 27 per cent in late February. Hartwich and Uhlmann, studying 
fruit from San Remo,* distinguished three periods of development. 
In the first, covering approximately July and August, the pit was 
forming, and the oil content, on a basis of the whole fruit, increased 
from about 0.5 per cent to 5 per cent. In the second period, Septem- 
ber and October, the pit increased little, while the flesh and oil in- 
creased rapidly. In the third period, from October to January, the 
oil increased slowly until there was 30 per cent in the fruit flesh, 
which finally declined to nearly 25 per cent in the middle of Feb- 
ruary. De Luca had noted a similar decrease in oil at the end of the 

1 Arch. Pharm. (1902), vol. 240, p. 475. 

2J. pharm. chim. (6th ser.) (1908), vol. 28, p. 303. Compt rend. (1908), vol. 147, 
Pg. pharm, chim, (7th ser.) (1910), vol. 1, p. 292. 

4J. pharm. chim. (6th ser.) (1908), vol. 28, p. 303 (7th ser.) (1910), vol. 1, p. 292. 

5 Rend. accad. sci. Napoli, for 1861 and following years (original source not available). 


&Compt. rend. (1878). vol. 86, p. 610. 
7 Landw. Vers-Sta. (1880), vol. 25, p. 52. 
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Fic. 1.—ASCOLANO OLIVES, FRESH, RIPE (SOFT IN SPOTS). 


Fic. 2.—ASCOLANO OLIVES, PICKLED. 
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SEVILLANO OLIVES, FRESH (RIPE AND SOFT). 
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season. Altogether it is evident that the increase in oil is the strik- 
ing feature in the development of the fruit. 


THE PICKLING OF OLIVES. 


There are two methods for rendering edible the fruit of the olive 
tree, only one of which is commercially valuable. By allowing the 
olives to soak in brine or fresh water, which is frequently changed, 
_for from 6 weeks to 2 months, the bitter principle is decomposed or 
removed, and a very palatable article is produced. This method, 
however, consumes too much time, and the losses due to mold and 
softening of the fruit bar its general use on a large scale. 

Although there are, of course, minor differences in various plants, 
the general commercial method of pickling ripe olives is as follows: 
The olives are picked by hand. The buyer gives instructions to the 
pickers as to the color desired, which varies from “ yellow” to red 
or tinges of red. Usually at least three pickings are necessary to 
obtain the maximum amount of olives of the desired color. Some- 
times the fruit is sent 500 miles to the factory, as from Butte County 
to San Diego. Such long shipments are made in barrels or wooden 
vats, the fruit being covered with a weak brine to which is sometimes 
added a small amount of caustic soda, about one-fourth pound to 
the gallon. 

In the factory the first operation is grading to size, for which 
purpose several machines have been designed. The most common 
type of grader consists of a series of vibrating screens with circular 
holes of gradually increasing size. This gives grades of three or 
four sizes, the olives smaller than nine-sixteenths inch being gen- 
erally used for oil. In another common modification the screen bot- 
toms are made of narrow tin strips, the distances between which cor- 
respond to the diameter of the holes in the other machine. Both of 
these machines tend to bruise the fruit somewhat. To avoid such 
bruising another very simple and satisfactory machine, consisting 
of a series of rubber-covered rolls which are set at slight angles to 
each other and inclined, is used. The opening between the rolls is 
smallest at the top of the incline, and largest at the bottom. The 
_rolls rotate in pairs in opposite directions, so that the inside sur- 
faces turn upward. The olive rolls down the incline, and there is 
no tendency to mash the olive or bruise it by sudden contact with 
any sharp edges. When the opening between the rolls becomes 
ereater than the short diameter of the olive it drops through into 
boxes below, according to its size. The size graduations are usually 
made on the basis of a difference of about two-sixteenths inch in 
diameter. There are no recognized trade standards for the size 
erades or for their commercial designations. Each packer has his 
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own system. The standards in Table 1, based on the best com- 
mercial practice, have been suggested by Bioletti.t 


TABLE 1.—Standards for size grades. 


Average Average number per pound. 
diameter 
Designation. Size, : in es ; 
eenths 0: Ave Fe 2 
ache Mission. Sevillano. | Ascolano. | Manzanillo. 
Mxtratlarges. Atk. 22 es Sess LIS 1 16 35 33 36 39 
Wargo ey ea ere aes Sete 2 ae 2 14 52 49 58 
Medium 22.58 ee eek Gee 3 1 8 78 8 93 
TOLLE Se Sere ee ei ok ek 4 0 135 142 148 160 
Hxtraismall 2s pee ee Stas 5 


Below 9 ? ? ? ? 


Many fancy names and symbols are used to designate the various 
grades. The graded olives are sometimes run over sorting belts to 
be segregated for color, but this is not common. 

After being graded and sorted, the olives are taken to the pickling 
vats. In the newer factories, these are made of concrete, about 8 
by 3 by 2 feet. Similar tanks of redwood are also used, and some- 
times circular tanks of redwood, about 8 feet in diameter and from 
4 to 5 feet deep. Subject to some variation, the following treatment 
is applied: A quantity of 13 to 2 per cent caustic soda solution, in 
weight about five times that of the olives, is poured over the fruit, 
and allowed to stand for from 6 to 8 hours, with frequent stirring. 
This liquor is then drained off, and the olives exposed to the air for 
24 hours, with occasional stirring. More of the same or a weaker 
solution is applied for a similar length of time, and again run off and 
the fruit aerated. This operation is performed a third time, or until 
the caustic reaches the pit, as indicated by a darkening of the flesh. 
The lye solution is then run off, and fresh water added to the vat. 
The water is changed about every 12 hours until all the lye is 
washed out. The pickler determines this by taste. Tests of all 
commercial samples analyzed, with phenolphthalem, show the ab- 
sence of free alkali or normal carbonates. At this point, salting of 
the olives is begun by soaking them in solutions of brine of gradually 
increasing strengths, of about 1, 2, and 4 per cent of salt. Factory 
control is by means of the salometer, a hydrometer graduated in 
hundredths from zero in distilled water to 100 in saturated salt so- 
lution. Usually the strongest solution employed is approximately 
15° on this scale. The olives are soaked about 2 days in each of 
these different solutions, after which they are canned in a 3 or 4 
per cent brine and processed in a water bath. Recently Bioletti and 
Cruess have proposed preserving in lacquered cans or glass jars with- 
out any liquid.? It is claimed that the olives thus treated keep their 
black color better than when brine is used. 

1Calif. Agr. Exp. Sta. Bul. 268. The California Olive Association recently has adopted 


a set of size standards. 
2 Calif. Agr. Exp. Sta. Bul. 289. 
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In most factories, after salting, the olives are run over sorting 
belts, where they are sorted into two or three color grades, and all 
bruised or injured fruit removed before canning. Patents for as- 
signment to the public have been applied for by Bioletti and Cruess 
of the California Agricultural Experiment Station at Berkeley, for 
improvements in olive pickling, which involve the use of heated 
solutions, with aeration and constant circulation of the solutions.’ 
These conditions are obtained in various ways, and it is claimed that 
the time required is very much shorter, and that a more satisfactory 
product is obtained. Further details can be had from their de- 
scriptions. <A point of special interest in pickling the black or ripe 
olives is that the black color is formed or set by aeration accompany- 
ing the alkali treatment. 

The pickling of green olives for sale as such is very similar. The 
olives are picked before any yellow color shows, and they are treated 
with similar solutions, except that usually only two caustic solu- 
tions are used, and the greatest care is taken to protect the olives 
from exposure to the air, which tends to cause a darkening of the 
color. The green olive is given an after fermentation under 7 per 
cent brine which develops its peculiar piquancy. 


PURPOSE OF INVESTIGATION. 


During the summer and fall of 1914 complaints concerning the 
pickling of ripe olives in California were received by the Bureau of 
Chemistry. The charge was made by one or two of the firms en- 
' gaged in this business that it was becoming a very common practice 
among the picklers of olives to gather the fruit in a green and imma- 
ture state and so to manipulate it during the pickling that the color 
was artificially and unnaturally changed from green to black, the 
finished product being sold as a ripe olive, to the deception of the 
consumer and the detriment of the industry. The advantages of this 
alleged fraudulent practice were stated to be that the fruit could 
be stripped from the trees in one or, at the most, two pickings, whereas 
if it were left until it had reached a proper stage of ripeness several 
pickings would be necessary; also that hard, immature fruit requires 
less care and skill in pickling, and that early picking does away with 
the danger of frost damage, especially in the northern districts. 
It was evident that if there were truth in this statement the practice 
in question would amount to a coloring or staining by which the in- 
feriority of the immature fruit would be concealed, and that it would 
be analogous to the coloring of immature oranges by sweating. On 
examination the question seemed to merit careful study. The in- 
vestigation here reported was accordingly undertaken to determine 
whether immature olives were being pickled and sold as ripe, and 
also whether inferiority was being concealed by a process of coloring. 


1Calif. Agr. Exp. Sta. Bull. 289. 
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PLAN OF INVESTIGATION. 


As it does not appear that any systematic study has been made of 
the ripening of olives in California, the plan of this investigation was 
first to follow the development of the fruit on marked trees, record- 
ing changes of composition and physical characteristics, especially 
color, in order to establish, if possible, the differences between im- 
mature and ripe fruit, and to ascertain how closely the color of the 
fresh fruit is related to or may indicate maturity. This was done for 
different varieties and localities, and during successive seasons to 
show the influence of these factors. In the second place, to make the 
data applicable to the finished product, different lots of olives were 
followed through the pickling process to find what changes occur in 
the composition and color. 


FIELD WORK ON FRESH FRUIT. 


When the field work was taken up in 1914, the season was too far 
advanced to permit of any investigation of composition changes 
during growth. However, in the middle of December, when the 
fruit certainly could be considered mature in almost all localities and 
a large part of the picking was completed, series of samples of the 
most important varieties of olives were collected from the same or 
neighboring trees in localities in the northern and southern districts. 
They were analyzed both to afford data on mature fruit and to show, 
if possible, the relation of color to composition. Also a number of 
pickling factories were inspected, and men prominent in the industry 
interviewed. , 

In the 1915 season the systematic study of the ripening was under- 
taken in the northern district. Trees of different varieties in different 
localities were marked and sampled at intervals of practically three 
weeks from. September 15, when the fruit is well formed, to Decem- 
ber 15. Since fresh olives are worth from 15 to 20 cents a pound, the 
value of one tree’s crop is so great that no attempt was made to buy 
outright the whole crop of the trees under observation. As it was 
considered desirable to follow the development past the regular har- . 
vest time, arrangements were made with the growers to leave a certain 
portion of the tree untouched in the picking. Unfortunately, the 
picking is done by Japanese, Hindus, and Mexicans, and, in spite of 
the owners’ efforts, many of the trees had been nearly stripped, or at 
least most of the highly colored fruit had been picked, at the last 
sampling period. In the northern district the grower generally as- 
sumes the frost risk up to December 10, and most of the picking is 
over by the middle of that month. 

The plan of operations for the 1916 season was the same as for that 
of 1915, except that the trees were more numerous and were scat- 
tered over all the important olive districts. 
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METHODS OF EXAMINATION. 


When received at the laboratory the olive samples were immedi- 
ately examined for color, and, if analysis could not be begun without 
delay, they were sent to a cold-storage warehouse and stored at about 
34° F. until wanted. A slight increase in color was sometimes evi- 
dent after such storage. 
The laboratory methods of examination, as finally adopted, were 
as follows: 
PHYSICAL EXAMINATION. 


Record the following: Color, flavor (if pickled), and ease of cleay- 
age of the pulp from the pit; average short diameter in sixteenths 
of an inch, measuring 50 or 100 olives; number of olives per pound; 
percentage by weight of pits. 


PREPARATION OF SAMPLES FOR CHEMICAL ANALYSIS. 


If pickled, pour off the brine and dry the olives with a towel. 
Reserve the brine for determination of salt. Count out 1 pound of 
olives, recording the number. Remove the pits with a cherry pitter. 
Scrub the pits with a brush, dry with a towel, and weigh moist, giv- 
ing percentage of pits. Pass the flesh of the fruit twice through a 
meat grinder,’ and receive in an evaporating dish. Weigh out sam- 
ples immediately, stirring thoroughly with a spoon before removal 
of each portion. If desired to analyze the pits, air dry them in a 
_ warm place, weigh, and grind as fine as possible in a drug mill. 


CHEMICAL ANALYSIS OF FLESH. 


Solids — Weigh out approximately 10 grams in a 2-inch lead cap- 
sule containing a teaspoonful of recently ignited sand and a short 
glass stirring rod. Mix intimately and dry in the water oven, which 
requires from 5 to 7 hours. 

Ether extract—The material in the lead capsule, including the stir- 
ring rod, is crushed and brushed into the inner tube of a Knorr fat 
extractor, prepared with an asbestos mat about } inch thick, pre- 
viously washed with alcohol and ether, and dried. Cut up the cap- 
sule and add to the tube. Extract for about 12 hours with anhydrous 
ether. Remove the inner tube, let the ether evaporate, grind up the 
contents in a mortar, return to the tube, and continue extraction for 
4 hours longer. Dry the oil to constant weight in the water oven, 
avoiding undue heating. Periods of from 4 to 1 hour are sufficient. 

Protein (NX6.25).—Weigh out about 10 grams into a 9 em. filter 
_ paper, folded into a cone and placed in a wide-mouth weighing bottle. 
Transfer the paper and sample to the Kjeldahl flask, and determine 

1 As the skin of the olive is rather tough, the grinder used must be provided with sharp 


cutting knives. 
130996 °—19——_2 
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nitrogen by the Gunning method, using 40 to 50 cc. of acid, 10 grams 
of potassium sulphate, and a small crystal of copper sulphate. 


Ash.—Burn a 10-gram sample in a flat-bottomed platinum dish at 


a moderate temperature. If necessary to get a clean ash, cool, moisten 
with water, evaporate, and ignite again, repeating until the carbon 
is gone. 

Alkalinity of ash—Add 25 cc. of N/10 sulphuric acid to the ash in 
the dish, heat under a watch glass for a few minutes, and titrate 
back with N/10 caustic soda, using methyl orange. 

Salt-free ash.—In pickled olives, make the solution up to 100 cc., 
filter, and titrate 25 cc. portions with N/10 silver nitrate and potas- 
sium chromate indicator. Express as salt, and calculate salt-free ash. 


CHEMICAL ANALYSIS OF PITS. 


Determine moisture, ether extract, nitrogen, and ash. For mois- 
ture dry 5 grams in a lead capsule, without sand, to constant weight 
in the water oven, which requires from four to five hours. Extract 
this residue with anhydrous ether in the Knorr apparatus. This is 
completed in from six to eight hours. Use 5-gram portions for 
nitrogen and ash determinations. Calculate the analysis back from 
the air-dry basis to that of the original moist pits as removed from the 
olives. 
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RIPENING AND PICKLING OF CALIFORNIA OLIVES. 13 
RESULTS OF EXAMINATION OF FRESH OLIVES. 


The data (Table 2) on the samples collected in December, 1914, at 
which time practically all olives should be ripe, are interesting. 
These samples, which were carefully selected and segregated on the 
color basis, ranged from green to purple. The first four samples in 
the table were picked from the same or adjacent trees in the same 
grove, as were all the other pairs of samples bearing the same sample 
number. Size is recorded 
as number of olives per 
pound and also in average 
short diameter in six- 
teenths of an inch, as both 
these methods of designa- 
tion areused commercially. 
It may be mentioned that 
diameter and weight are 
not exactly related, ow- 
ing principally to differ- 
ences in shape. Four col- 
ors are distinguished— 
green, yellow, red, and 
purple. By green is meant 
“orass” green. The term 
“yellow,” although com- 
monly used by the grower, 
is a misnomer, as it is a 
yellowish green, which ap- 
pears just before the first 
tinges of red. A study of 
the various sets of samples 
in Table 2 coming from 
the same trees or grove 
shows that the olives with  y¢, 1.—Changes in percentage composition of 
the more advanced colors Mission olives occurring during ripening in 
usually are larger and oh 
heavier than the others, that they have a lower percentage of pits, 
and, as a rule, are higher in solids in the fruit flesh and contain more 
oil in the flesh. The oil in the flesh on the dry basis does not appear 
to be related closely to the color, being frequently nearly the same for 
the purple and green olives and sometimes higher in the green sample. 
The amounts of protein and ash in the flesh are roughly equal, fairly 
uniform, and do not appear to bear any relation to color. The com- 
position of the pits also bears no relation to the colors. In general, 
then, among olives from the same tree or grove, the ones with deeper 


t 
} 
| 
| 
i 


CEH CLNWIT 


a“ 


14 BULLETIN 803, U. S. DEPARTMENT OF AGRICULTURE. 


color are the largest and have the most oil and solids in the flesh. 
This does not hold, however, in comparing olives of the same variety 
from different groves or localities, as in several instances the green 
colored fruit has the more oil and solids in the flesh (Samples 18208 
and 18581; 18582, 18587, and 18591; 18583 and 18588). 

Since the complete data on the series of samples taken from marked 
trees. during the seasons of 1915 and 1916, to show the progressive 
development of the fruit, are too voluminous to be given here, Table 
3 has been compiled from the data secured for a single typical Mis- 
sion tree in 1915. This table may be taken as an example of the 
progressive changes observed in the investigation. A clearer idea of 
the changes which occur during the course of ripening may be ob- 
tained from a graphic representation of the data from selected trees, 
first on the percentage basis, and then on the basis of actual weight 
changes. Figure 1 shows the percentage changes for a certain Mis- 
sion tree in 1915, while figure 2 represents the absolute changes in 


weight of the constituents of 100 olives. The development is indi- © 


cated by broken curves joining the successive samples from the tree. 
The same kind of a diagram has been made for a representative 
Mission tree in 1916 (figs. 3 and 4). 


TABLE 3.—Ripening changes of California olives iad Mission tree, Butte 
County, 1915). 


Fruit flesh. ds 5 Average 
F diameter 
——————————— |) NO OCP | Ee 
Date. per Aaa Pits. Color. 
Solids Ether | Protein | - et pound. eae 
* | extract. | (Nx6.25). s quick 
1915. Per cent. | Per cent. | Per cent. | Per cent. Per ceni. 
Sept. 15.... 28. 58 7.62 1.73 1.76 240 8.5 32.6 | Green. 

OCtiGeeeeee 29. 87 11, 22 1.73 1.79 226 8.4 29.6 Do. 
OctaZ8heeee 82, 42 15. 46 1.36 1.81 199 8.7 26.4 | Green, showing 
some yellow. 
Nov. 15.... 37.16 18. 95 1.52 1.82 192 9.2 24.6 | Mainly green; few 

2 yellow and red. 
Dec. 15..... 37. 43 21.38 1.28 1.80 181 | 8.8 24.0 | Half, yellow with 
red; helt, red to 
purple. 


An examination of figures 1 and 3 shows that the. percentage of 
pits falls as the fruit ripens, while, conversely, that of the flesh rises. 
The percentage of ash in the flesh remains approximately the same. 
This is true also of the protein, the representation of which, how- 
ever, is not included in the charts for the reason that it would prac- 
tically follow the line for the ash. The protein content was not 
determined in 1916, as it seemed to have but little significance. 
It is evident that the percentage of solids not oil in the flesh de- 
creases somewhat during the ripening, the percentage of oil in the 
flesh increases, with some little irregularity, and appears to drop 
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slightly toward the end of the period in question, while the percent- 
age of solids in the flesh increases with a drop toward the end. Fig- 
ures 2 and 4, however, give a more truthful idea of the actual prog- 
ress of the growth of the olive. It is here seen that the actual weight 
of the pits, which were fully formed at the earliest date, remains 
practically constant. The 
weight of ash in the flesh 
rises very slightly, while 
that of nonoil solids is 
very nearly constant, or 
rises somewhat. The 
weight of the oil increases 
markedly in the fore part 
of the period and slightly -~#e 
near the end, the weight 
of solids in the flesh fol- 
lowing closely the course 
of the oil. The weight of 
the flesh and the total 
weight increase greatly 
during ripening, with 
some fluctuations for one 
of the trees, and follow 
each other. 

Summarizing these ob- 
servations, during the 
ripening, after the pit is 
formed, the pits remain 
practically constant while 
the growth in the flesh con- 
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tinues, and the only con- = — a : 

: : \ \ \ \ 
stituent of the flesh which k \ i x 
increases noticeably, aside 8 y q . 


from water, is the oil. It Fic. Hex renee a weielt of 100 ae olives 
thus appears that the occurring during ripening in . 

amount of oil in the flesh must be the best index of maturity. The 
same general changes were observed for other trees and other varie- 
ties. As the season progressed the olives were found to increase in 
size, the percentage of pits to decrease, and the oil in the flesh to in- 
crease at first rapidly and then more slowly. The protein and ash 
figures were not significant. A number of minor abnormalities were 
apparent in the figures obtained. Sometimes the olives appeared to 
decrease more or less in size, and again the percentages of oil and 
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solids in the flesh declined somewhat. There are several possible 
explanations for these abnormalities. One is the difficulty expe- 
rienced in securing representative tree samples at the later periods, 
from the middle of November on, due to the picking of part of the 
fruit on the tree (p. 8). Also, when the fruit is struck by a dry 
north wind it partially shrivels up, which causes a decrease in its 
weight and an increase in the percentage of the pit, as well as 
an abnormal increase in the percentage of the oil and solids in the 
flesh, which, however, drops back when the fruit plumps out again. 
This actually happened 
to some of the samples 
taken in the middle of 
November, 1915. An- 
- other cause is the irriga- 
tion of the trees late in 
the season, as a result 
of which. the fruit in- 
creases in size and gains 
water in the flesh, which 
produces a slight drop 


in the percentage of oil 
a eee and solids in the flesh. 


| It is, however, not im- 
Sereasie o 
? LE _ tain conditions the ab- 
gehen es cae 


solute amount of oil 
may actually decrease 
slightly, as noted by 
dl Hartwich and Uhlmann 
€ and De Luca. 

, ‘ ‘ A study of the color 


Fic. 3. Hees jn percentage composition of Mis- 
sion olives occurring during ripening in 1916. changes shows that the 


olives, which are green 
in September, begin to color up late in October and in November. 
Some of the olives may still show a green color in December and Jan- 
uary. Calculations of the analyses of the fruit flesh to the moisture- 
free basis indicated that the percentages of protein and ash decrease 
somewhat, though not markedly. The oil, of course, increases greatly, 
approximating in the ripe fruit 60 per cent of the dry substance in 
the flesh. It was hoped that this might be a valuable factor in judg- 
ing maturity, but its value is limited, first, because the percentage of 
oil in the moist flesh is nearly as good an index, and, secondly, because 
in pickling olives the oil in the flesh on the dry basis increases mark- 
edly (p. 20). 
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Since the percentage of oil in the flesh appears to be the most val- 
uable index of maturity, the data bearing on this subject have been 


represented graphi- 
cally for the differ- 
ent varieties of olives 
in figures 5 to 10. 
Kach curve represents 
the mean of all the 

trees sampled in a 
single grove. In 
figure 5, represent- 
ing Missions of 1915, 
northern district, the 
rapid increase of 
oil seems to have 
ended by the middle 
of November, at 
which time the fruit 
could fairly be said 
to be mature. The 
poorest of the groves 
shown had at least 17 


per cent of oil in the flesh at that time. 
Missions of 1916, a great variation is seen. 


BOVCATT [1 OPV AS 


Wor 7 


OC 


Fic. 4.—Changes in weight, of 100 Mission olives occur- 
ring during ripening in 1916. 
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Turning to figure 6, 


Some of the groves do 


-not merit much consideration. In Grove H, which is in an exposed 


X . 

a ee 

Fic. 5.—Percentage increase in oil content of fruit flesh of 
Mission olives taken from various groves in 1915. 


situation on the 
coast near Carpen- 
teria, the olives ma- 
tured very late and 
never attained the 
usual oil content for 
that variety. Grove 
Fi, which is near by, 
is more protected. 
Grove I was very 
poorly cared for, 
with trees in had 
condition, and is de- 
cidedly not normal. 
Grove S, near Los 
Angeles, appeared 
to have attained its 


maximum oil content on November 13. Although its oil content was 
much lower than was that of many other groves, this grove was 
healthy, flourishing, and scientifically cared for. Excluding from con- 


i 
I 
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sideration Groves H and I, and also probably Fi, none of which is 
normal, it would seem that the fruit which is poorer in oil may be con- 
sidered fully mature by November 15, with a minimum of something 


Fic. 6.—Percentage increase in oil content of fruit flesh 
of Mission olives from various groves in 1916, 


over 17 per cent of oil 


in the flesh. From 
the data now at hand 
it appears, then, that 
17 per cent of oil in 
the flesh may be taken 
as a tentative mini- 
mum standard for 
maturity in the case 
of Mission olives. 
The development of 
the Manzanillo vari- 
ety is shown in figure 
7, in- which but few 
groves are represent- 
ed, as this olive is not 
as important as the 


Mission. The fruit in Grove B appeared subnormal, since it was prac- 
tically too small to pickle. Compared to the Manzanillos described in 
Table 2, it seems not unlikely that these crops of 1915 and 1916 may 
have been unusually low in oil. Analyses in the literature,t however, 


show that the oil in 
the flesh of this vari- 
ety averages 2 or 3 
per cent less than in 
the Mission. From 
the diagram in fig- 
ure 7 it appears that 
15 per cent of oil in 
the flesh may be 
taken as a tentative 
minimum standard 
for maturity. 

Of the Sevillano 
and Ascolano olives 
represented in figures 
8 and 9, it may be said 
that these are newer 


Fic. 7.—Percentage increase in oil content in fruit flesh 
of Manzanillo olives taken from various groves in 1916. 


varieties, and constitute but a very small percentage of the crop. Few 
analyses are available on them. Since they become extremely soft 
when fully mature, they must be picked when in a comparatively 


1Rept. of Work of Agr: Exp. Sta., Univ. Calif., 1898-1901, pp. 263-307. 
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immature state, in order to secure a fruit with firm flesh. These vari- 
eties, especially the Sevillano, are inferior in flavor, due probably to 
the lack of oil as pickled, but bring a large price on account of their 
extraordinary size. When pickled by the California method, they 
may be said to differ from a green pickled olive in that they are black 
and do not have the 
piquant flavor of the 
green pickle. Con- 
sidering these facts, 
it seems impractica- 
ble to attempt to set 
any maturity stand- 
ard for these olives. 

Properly speaking, 
the Nevadillo olive, 
one grove of which is 
represented in figure 
10, is an oil olive, 
although it is some- 
oP lekled. t Le Fic. 8.—Percentage increase in oil content of fruit flesh of 
curve in this dia- Sevillano olives taken from various groves in 1916. 
gram, as well as re- 
corded analyses, indicate that it could easily meet any minimum oil 
standard set for the Mission olive. 

As a matter of interest and for comparison with the data just 
given, a number of averages for olive varieties,t without reference 
to maturity, are given in Table 4. 


Tasrte 4.—Composition of olives of several varieties. 


Number | Number 


c samples | olives . Oilin 
Variety. ee cie per Pit. flesh. 
ined. pound. 
Per cent. | Per cent. 

SST OTe ae eee oe ties Sere as cerns cabs obestiewetets 112 111. 17.2 Zao 
WORT TITS Sra hretetey SS SERIES Set eae ene eo EE 38 106.6 14.7 19. 73 
[Bev UE 5 | MGR Mayet SRR SRS Se 1s, SuNURR nS Sens ee eee a: NaS 57 157.3 17.3 22. 92 
o QUEM oS ASR ARUE iS FERRERS aetna. ent ne ae a EE! Bg 5 60.6 12.0 18. 45 
SSeS BET UEC) Ae arp prt eatin Sk andl cet ~ ba senaor rrrbarsS Former wim Bie a 2 36.2 14.5 20.19 
ermal OSES, SEG ren aye teen ete a ann Re rt Se i RE” Sega 25 114.6 16.6 19, 54 


1 The Ascolano and Sevillano samples must have been quite ripe. 


RESULTS OF EXAMINATION OF PICKLED OLIVES. 


In 1914, and again in 1916, arrangements were made with a number 
of picklers for the sampling of marked vats of olives, as received, 
or before pickling began, and at the end of the process. Much 
practical information was gathered during this work, in which the 
picklers, with one exception, cooperated cordially. The data from 


1 Rept. of Work of Agr. Exp. Sta., Univ. Calif., 1898-1901. 
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these experiments are summarized in Table 5. Briefly, the results 
of these experiments showed that pickling has little effect on the size 
of the olives or on the percentage of pits. The solids in the flesh, 
starting with fresh 
olives, fall 5 or 6 per 
cent. The oil in the 
flesh undergoes little 
change, or decreases 
very slightly. Some 
notable exceptions to 
this rule were un- 
doubtedly due, for 
the most part, to poor 
sampling. The addi- 
tion of salt raises the 
ash content, but the 
original salt-free ash 
A Te is partially leached 

Fig. 9.—Percentage increase in oil content of fruit flesh of ; 
Ascolano olives taken from one grove in 1916. out. The solids not 
| oil show a notable 
decrease from the fresh fruit, dropping 5 or 6 per cent, which accounts 
for a corresponding diminution in total solids. This loss consists 
mostly of soluble carbohydrates and probably the bitter glucoside. 


_Up to nearly 4.5 pér cent reducing sugar, calculated as dextrose, 


which disappears en- 
tirely during pic- 
kling, was found in 
fresh, ripe olives. 
The protein, which 
was determined in a 
few experiments, did 
not suffer notable 
change. Because of 
the loss of solids not 
oil, the percentage of 


oil in the flesh on the 

dry basis is largely L 1 
increased, rising ' N § S nN , 
from about 60 per . § \ \ 


: Fic. 10.—Percentage increase in oil content of fruit flesh of 
cent for fresh, ripe Nevadillo olives taken from one grove in 1915. 


fruit to a value 10 


— 


or 12 per cent higher after pickling. In some cases the fact that the ~ 


loss in solids and gain in oil on the dry basis are less is due to the fact 
that the fruit had been previously shipped or held in brine, causing a 
loss of solids not oil before the experiment was begun. 
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The color changes are remarkable and important. Green or yel- 
low colored olives, by suitable manipulation, emerged from the 
process with a uniform, pleasing black color. In fact, green-colored 
olives have a tendency to yield a blacker final product than purple 
olives. The best color, however, is probably developed in olives 
showing some red at first. Purple olives tend to lose their color 
and come out brown or even tan. The black color is developed by 
aeration accompanying alkali treatment, and there seems reason to 
suspect that the final black is due not to the original pigment sub- 
stance but to something developed during the pickling. The origi- 
nal colors turn a dirty brown or tan in the first caustic liquor. One 
of the factories has experimented with the addition of ferrous sul- 
phate to the wash waters, with the idea of fixing the color. The 
pits of the olives so treated have a marked black color. The results 
of this treatment have been unsatisfactory. 


SUMMARY. 


The results of the investigation here reported indicate that the 
best index of maturity for olives, both fresh and pickled, is the 
percentage of oil in the fruit flesh. Allowance, of course, must 
be made for variations due to the variety of the olives and the 
locality in which they are grown. A minimum oil content of 17 
per cent in the flesh is offered as a tentative standard of maturity for 
Mission olives and other common varieties, except the Manzanillo, 
Ascolano, and Sevillano. A minimum oil content of 15 per cent is 
recommended as a tentative standard for Manzanillo olives. No 
standards for maturity are recommended for the large-fruited 
olives, Ascolano and Sevillano, which must be gathered when rela- 
tively immature. These olives, however, should not be sold under 
the designation “ ripe.” 

Because of the great variations noted in the composition of olives 
of the same variety grown in different localities, it probably will 
never be practicable to set definite and hard fixed minima for oil in 
mature olives, and the proposed standards must be applied with 
caution. 

It was found that some of the abuses, the report of which led to 
this investigation, did exist, immature olives having often been 
pickled and colored to simulate pickled ripe olives. The data here 
given will make possible the detection of gross frauds of this nature. — 
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INTRODUCTION 


The brood diseases of bees cause annually large losses of bees and 
consequently of the honey crop. The predominant attitude among 
beekeepers has long been how best to eradicate an invading bee dis- 
ease after the attack has been made. They depend upon this pro- 
cedure, because little is known with any degree of certainty concerning 
the natural conditions which might prevent or control the onslaught 
of the disease. As a result of this attitude, much more importance 
has been placed on the significance of apiary inspection and police- 
power laws and of purely remedial treatment, the reasons for which 
in many cases are imperfectly understood. But the old adage “an 
ounce of prevention is worth a pound of cure” has yet to be refuted, 
particularly with regard to beekeeping. In the realm of human 

1A series of investigations was started in the spring and summer of 1918 by the 
Office of Bee-Culture Investigations, Bureau of Entomology, for the purpose of making 
an intensive study of European foulbrood of bees, primarily from the standpoint of 
insect, behavior in relation to the disease, correlated with the facts and practical 
observations already known to the beekeeper. This paper, which was submitted for 
publication January 13, 1919, is a preliminary report on the beginning of the in- 


vestigation. 
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medicine, for the last two decades at least, this precept has been 
gaining strength so that to-day preventive medicine stands on a par 
with, if not above, most of the other branches of medicine. Why is 
it not logical to apply this principle to the control of bee diseases? 

Ever since European foulbrood of bees was first recognized (in 
1894), in New York State, as a distinct brood disease, there have been 
much controversy. and speculation concerning the etiology of the 
disease, the means of transmission, the method of spread, and, result- 
ing therefrom, the question of control. From the laboratory stand- 
point, the etiology of the disease has been worked out quite definitely 
bacteriologically (12)*. But as yet Bacillus pluton, the accepted 
cause of European foulbrood, never has been grown in pure culture 
on artificial media, although it has been definitely identified as the 
cause of the disease. This precludes any further advance along this 
line of attack for the time being. 

From the side of practical experience, there have been recorded 
large numbers of observations, many of them of a similar nature. 
These observations have led to many accepted practices, as, for in- 
stance, the use of Italian bees and strong colonies in combating the 
disease. Although the weight of numbers tends to give substantia- 
tion to observations, the scientific explanation of how these things 
are true never has been studied carefully and coordinated with the 
practical side into an epidemiological study of the colony under dis- 
ease conditions in European foulbrood. F 

The history of bee diseases has developed mainly along two lines. 
The scientific side has been concerned principally with determining 
the causes of the various diseases microbiologically, the method of 
diagnosis, and conclusively differentiating them. These facts have 
been described sufficiently in various bulletins of the Bureau of En- 
tomology and will not be discussed here. From the practical side, 
countless observations have been recorded, largely in the bee journals, 
in which various manifestations of the disease and experiences with 
methods of treatment have been discussed. But in all this literature, 
particularly with regard to European foulbrood, there are few ob- 
servations on the disease and on the behavior of the bees in relation 
to it beyond simple description of symptoms. 

Early in the experience with European foulbrood it was learned 
by careful observers that strong colonies are essential in successfully 
combating the disease. Later the value of Italian bees was dis- 
covered. West (11), a New York State apiary inspector, in giving 
what is one of the best early descriptions of European foulbrood, 
makes some pertinent observations on the disease. He states that 
when diseased brood is placed above a strong, healthy colony, with 
a queen excluder between, so that any healthy brood may emerge, 


1 Reference is made by number in parenthesis to “ Literature cited,” p. 28. 
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the diseased larve are cleaned out as this is taking place. The union 
with a healthy colony and the strength gained by the emergence of 
so many young bees gives the colony the stimulus to eliminate the 
disease. He notes, as have many other beekeepers since, that in 
August, when the buckwheat honey flow begins, the stronger of the 
diseased colonies are stimulated to clean up. 

Alexander (1) published a method of treatment for European foul- 
brood. the principle of which, after many varying failures and suc- 
cesses, is now the basis for the present method of treatment most 
used; that is, requeening with Italian stock. Alexander mentions 
the need of three factors: First, the necessity of requeening with 
young yellow Italians, as hybrids of Italian and black bees are prone 
to contract the disease in the first place and also are more likely to 
succumb to it; second, particularly emphasized, a period (at least 27 
days, according to Alexander) of queenlessness in which to allow the 
bees properly to clean up the cells and polish them, ‘preparatory for 
eggs of a new queen; third, a factor which is mentioned only casually 
but which is equally important with the other two, the direction to 
unite and strengthen diseased colonies before treating. So little em- 
phasis was placed on this that the majority of beekeepers overlooked 
it in using Alexander’s treatment and therefore condemned the treat- 
ment as unsuccessful except in rare cases. . 

In an editorial (8) in the same issue of the journal in which Mr. 
Alexander was writing, the question was raised as to why the period 
of broodlessness caused by winter, which is much longer than 27 
‘ days, does not always prevent a recurrence of the disease. Mr. Alex- 
ander answered this question by explaining that when the queen 
stops laying in the fall, the bees do not polish up the cells as they 
do earlier in the season, and that some of the dried-down material 
may remain until the next spring. The opinion also is given in 
this editorial that Italians are more able to resist the disease than 
hybrids because they do more thorough work in house cleaning and 
are less inclined to rob. 

Phillips (6) makes the statement that “European foulbrood 
is more destructive during the spring and early summer than 
at other times, often entirely disappearing during the late summer 
and early autumn, or during a heavy honey flow,” but gives no indi- 
cation as to how this takes place. The same year Miller (2) pub- 
lished his theory of the relation of the nurse bees to the spread of 
European foulbrood. He believes that the nurse bees suck up the 
juices of a freshly diseased larva which has not become offensive, and 
then transmit the disease when feeding the healthy larve. On this 
supposition he believes that if egg laying ceases for 5 or 6 days (“the 
period the larve remain unsealed in their cells”) there will no 

longer be larve in the proper condition for nurse bees to feed upon, 
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nor healthy unsealed larve to receive the infection, and the disease 
will thereby come to an end. 

Dr. Miller has been using a 10-day period of queenlessness in his 
treatment of European foulbrood since his accidental discovery that 
10 days were sufficient, but in a later article (3) in enlarging upon 
his nurse-bee theory he assumes that the larva is fed during a period 


of 5 days but is not effective as a carrier of infection during the whole 


time as probably no larve are torn open until they are 2 or 3 days old; 


thus making it possible to shorten the queenless period even more. He 
admits that not all the dead, partially dried larve will be cleaned out, 


but believes that it is only the fresh yellow ones which are infectious. 


He also states that nurse bees are not inclined to travel far on the 
combs, a fact which may explain why the disease may be found con- 
fined to one comb for several days before spreading farther. Dr. 
Miller seems to have overlooked several important factors which 
will be discussed later. 

Quite an extensive piece of investigation was carried on during the 
summers of 1915 and 1916 by the author at the Massachusetts Agri- 
cultural Experiment Station upon the effect of requeening diseased 
colonies with various strains of Italian bees. At that time the im- 
portance of strong colonies with the requeening had not been em- 
phasized so strongly and less attention was paid to that factor. The 
records show, however, that in a total of 50 colonies observed, cov- 
ering two seasons, of 10 strong colonies only 2 showed recurrence, 
while 1 was doubtful; of 20 medium-strength colonies, 10 showed re- 
currence with 2 doubtful; of 14 weak colonies, 8 showed recurrence. 
In all these cases the new queen was not introduced until the colony 
was nearly or entirely clean. In the case of several of the weaker 
colonies it was necessary to strengthen them before requeening was 


possible, in order to save the colony. One or two of these, which were 


united and requeened with Italian stock, were the best colonies the 
next spring. 

- Adding some strength to at least part of Miller’s theory is a state- 
ment in a letter by G. C. Matthews, formerly of this bureau, who 
wrote in February, 1918, concerning his observations in California 
in 1914. He found that where the hives stood in rows of pairs the 
disease continued to spread down each row to corresponding members 
of each pair. This ceased when he rearranged his apiary so that 
the rows of hives were at least 10 feet apart, and alternate pairs 
of hives were turned at right angles. No pair was allowed to remain 
close to another facing the same way. This prevented the drifting 
of nurse bees, which he believes to be the method of spreading the 
disease. Furthermore, he found by introducing one Italian queen 
into the middle colony of an isolated row of hybrid bees that there 


was considerable drifting of nurse bees. Seven days after the brood 
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from the Italian queen began to emerge, yellow bees were found on 
either side in several of the hybrid colonies. Speaking of uniting 
weak diseased colonies and requeening, Matthews writes: 

After two or three were put together, each stack of brood was given an 
Italian cell. When young queens commenced to lay there was still disease in 
many of those hives, but as the queens increased in laying the bees cleaned 
out an ever-increasing sphere of comb for a brood nest until they had the 
hives free of disease. But in no case, however long a hive might be queenless, 
did I see the disease cleaned out before a virgin appeared in the hive. In 
other words, 2 virgin had to be present before the bees would commence their 
job of cleaning up. Therefore, I see little to commend the practice of keeping 
diseased colonies queenless 21 days. 

A new bulletin by Phillips (7) has been issued recently by the 
Department of Agriculture. The fundamental idea emphasized is 
that “in keeping European foulbrood under control it is far more 
important to prevent the disease from getting a foothold in a colony 
than it is to eradicate the disease afterward.” This bulletin, aside 
from discussing symptoms and methods of treatment, states concisely 
for the first time the facts observed in apiary practice on which 
successful treatment is based, and without an understanding of which 
it is difficult for a beekeeper to use preventive measures with any 
success. 

The analysis of these factors of response in behavior to treatment, 
as stated by Phillips, has been used to some extent as a foundation 
for the present work on the behavior of the colony in relation to 
disease, in an endeavor to substantiate, with data obtained under 
controlled conditions, these facts that are constantly observed in 
apiary practice and, if possible, to eliminate confusion in methods of 
treatment. 

PROCEDURE 


2 


Shortly after the middle of May, 1918, experiments were started 
in Ithaca, N. Y., at the Cornell Agricultural College. Through the 
kindness of Prof. J. G. Needham, head of the department of ento- 
mology, and others associated with him, the use of a small, isolated 
yard of bees and also of laboratory facilities was offered for the 
purpose of carrying on these investigations. This small apiary had 
been used previously in fruit-pollination studies and had no record 
of disease. The yard was admirably located in a naturally well- 
protected hollow beyond the college fruit orchards, about a mile and 
a half from the main college apiary or other apiaries, with high 
ground and woods intervening. The author and the Office of Bee- 
Culture Investigations are under deep obligations to the Cornell 
authorities for the assistance so cordially extended. 

Being in the buckwheat district, the general locality was well 
adapted to the work because of the desire for as late a main honey 
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flow as possible in order not to have the influence of a heavy honey 
flow until other factors had been studied. At Ithaca the main honey 


flow is generally from buckwheat, coming from the 1st to the mid- 


dle of August. Rather unfortunately for the best results from the 
experiments, however, the summer of 1918 was unusual in this sec- 
tion, for the abnormally heavy honey flow from clover necessitated 
finishing the work earlier than had been planned, owing to the great 
difficulty of artificially infecting colonies during the heavy honey 
flow. 

There were seven colonies in the original experimental apiary. 
At first it was intended to work on a larger scale, but the trend of 
the observations soon led to the plan of working in more detail and 
on a smaller scale. These colonies were moved some distance apart 
to prevent drifting and robbing. Some were divided and some were 
strengthened in an effort to make a series of experiments on colonies 
of different strengths. The colonies were designated by letter and 
the combs of each colony by number. From time to time some of 
these colonies were artificially infected with diseased European foul- 
brood larve from samples sent to the laboratory for diagnosis. 
Similar colonies were held intact and uninfected for controls. The 
infection was made by feeding diseased larve macerated in sugar 
solution (about 50 per cent). For the preliminary experiments 10 
larve were fed in about 250 c. c. of sirup. Later, after the heavy 
honey flow had begun, it was necessary greatly to increase this dose in 
order to start the infection. The infected sirup was fed to the bees 
in sterilized glass petri dishes, placed on top of the frames and pro- 
tected by an empty comb-honey super placed on the regular hive 
body with the cover on top... 

At the time of inoculation, the condition of each colony was noted 
as to age, race, condition and appearance of the queen, proportion 
of nurse bees to old field bees, the number of frames of brood with 
the amount in each, its age, sealed or unsealed; in other words, the 
condition of the colony with regard to factors known to be signifi- 
cant in resisting disease. In two colonies the infected sirup was 
slightly colored with harmless eosin dye to determine where the fresh 
sirup was placed and its ultimate disposition. At first daily obser- 
vations were made to determine the earliest appearance of disease, 
the period of incubation, the symptoms exhibited, and the rate of 
increase. ; 

By holding up each comb in bright sunlight so that the light shone 
directly on the larve, it was easy to detect the first symptoms of the 
disease. All the healthy larve had the characteristic firm, well- 
rounded, pearly-white, glistening appearance. The first effect of 
the disease, besides an abnormal uneasy movement, was a loss of the 
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glistening character and a slight tinge of grayish or creamy dis- 
coloration which would not be noticed except in direct sunlight. 
These larve showed only Bacillus pluton present when examined 

microscopically, as will be mentioned later. Soon after these first 
symptoms, however, the more noticeable symptoms appeared, such 
as a larva with its back out, the increase of the light grayish yellow 
color, and, later, the moist, melting appearance. 4 

A statistical record was kept of the number of larve showing new 
disease at each observation, the number previously diseased that had 
been cleaned out in the interval since the previous observation, and 
those remaining over in the cells uncleaned for more than one period 
between observations. At various times observations were made of 
the behavior and types of bees engaged in cleaning up and the fate 
of the material removed. Great care was necessary in these obser- 
vations to disturb the colony as little as possible. On good days 
it was sometimes possible to remove a comb carefully from the hive — 
and to watch the bees continuing at their work, and even to watch 
the queen laying eggs. An eight-frame observation hive containing 
a strong healthy colony was given a diseased comb from time to time 
and the bees were observed as they worked on it. 

One of the difficulties of the work was to find a satisfactory miata 
of recording the desired data for each comb. At first the diseased 
cells were marked on the comb by a circle of red celloidin around the 

entrance of the cell. Although this dried rapidly, it proved unsatis- 
factory, as the bees, in their attempt to remove the foreign material, 
seemed to remove both diseased and healthy larve indiscriminately. 
Next small pins were used, inserted in the cell above the one showing 
disease. In this case the bees tore down the surrounding cells and 
completely removed the pins, many of which were found on the 
bottom board. Finally a method of plotting the diseased cells in a 
comb was adopted. An empty frame was laid off in inch squares by 
means of heavy black thread. This, used as a templet superimposed 
on a comb, aided in the location of the diseased and cleaned out cells, 
so that they could be recorded on a correspondingly ruled card (fig. 1). 
Placing this over the comb, it was easy to locate exactly each cell and 
to determine how long the diseased material remained, thus aiding 
in following the course of the disease throughout its various stages. 
The only difficulty with this method was the tediousness of the obser- 
vations. Therefore, after the disease had become definitely estab- 
lished, daily observations of each colony were considered unneces- 
sary. Longer periods showed just as well what was happening in the 
colony. Also, after the disease had developed enough so that it could 
be definitely predicted whether the colony would recover or gradually 
be exterminated, observations of behavior under treatment were 
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started, the method and degree of house cleaning being watched after 
the colony had been dequeened, strengthened, and requeened with good 
Italian stock. Note was also made of any recurrence of disease and 
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Fig. 1.—Method of plotting the location and history of diseased bee larve in the 
combs. © Freshly diseased larve. O- Cells that have been cleaned out. Q-Cells 
that have been cleaned out and filled with nectar. (eo) Larve remaining in the cells 
more than one observation period. The area of sealed brood was the amount 
present at the time of infection of the colony. 


apparent reason therefor. In other words, a complete study was 
made of the cycle of the disease and of the activities of the bees 
during its course. 


_ OBSERVATIONS 


COLONY @ 

Race.—Hybrid. 

Queen.—1917, dark and poor. 

Bees.—Workers and drones very dark, almost black, very excitable. 

Condition of colony at time of infection—Brood in four frames, a little 
less than half sealed, besides two frames of eggs. Bees covering about 
eight frames, medium strength. Slightly more field bees than nurse 
bees, because of having divided this colony, old bees returning from the 
division. 

Date of first infection—May 28, 1918. 

Material used.—Ten diseased larvee from sample No. 5863, macerated in 
250 c. ce. of a 50 per cent sugar sirup. \ 
First appearance of disease noted.—May 31, 1918, three days after inocu- 

lation. 
Age of larve first attacked.—Three to four days after hatching from the 


eggs. 
Colony G (fig. 2), hybrids, soon succumbed to the infection, the first 
‘diseased larva appearing three days after infection, the gross diagnosis 
being confirmed by the finding of Bacillus pluton on microscopic ex- 
amination. The spread of the disease was rapid, the disease being 
present in only one comb on the third day and in seven combs on the 
seventh day. All of this early spread took place in brood unsealed 
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at the time of infection. The first high peak of the disease coming 
on the nineteenth day was followed by a slight improvement, when 
for a time the house cleaning exceeded the occurrence of fresh dis- 
ease. This was probably due to the stimulus of the increasing honey 
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flow. But as soon as the next series of eggs hatched, the disease’ 

again gained the upper hand, reaching another higher peak on the 

thirty- -first day, at which time it was jeene necessary to start treat- 

ment. It had become evident that the colony was being overrun by, 

the disease. More and more dead larve were being allowed to re-, 
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main in the cells for several days without being cleaned out. Also 
more larve nearly ready for pupation were being affected. Most of 
these instead of remaining coiled were inclined to extend on the 
lower side wall in a brownish gray, slimy mass and exhibited a ten- 
dency to be viscid. At this stage of decomposition, when a stick is 
inserted the mass forms a coarse granular band for a short distance 
and then breaks so as to form droplike masses, but does not stretch 
out in a fine thread. These larval masses dried down to rubbery 
dark brown scales something like American foulbrood scales in ap- 
pearance, but different in consistency. These scales could be removed 
quite easily and would bend like a piece of partially granular old 
rubber. They also lay irregularly placed in the cells, often spirally 
extended, while American foulbrood scales are uniformly on the 
lower side wall. The bacteriological explanation for this abnor- 
mal characteristic will be discussed later under bacteriological 
observations. 

The predominance of these rubbery masses and scales increased as 
the disease progressed and the bees seemed to make little attempt to 
clean them out, even after the queen was caged on the thirty-first 
day, thus shutting off any increase of fresh.larve, or even after the 
queen and all queen cells were removed on the thirty-seventh day. 
On the thirty-ninth and also on the forty-first day, five and four 
frames, respectively, of emerging brood and Italian bees were united 
with this colony, but it was not until a new Italian queen, confined 
in a cage, had been hung in on the forty-fifth day that a final com- 
plete cleaning up was made. 

This new queen was not accepted, however, and a young queen was 
raised from the brood that was added to this colony, so that fur- 
ther observations were ended here although the virgin queen was 
killed and another Italian queen introduced. This colony was re- 
ported healthy, however, about the middle of August. 

The hybrid bees seemed to lack ambition to fight the disease. 
When combs were removed from the colony, the bees never were ob- 
served to be working in the cells, and paid little attention to ma- 
terial partially drawn from the cells and crushed. 


COLONY F 


Race.—Italian, possibly with some slight hybrid blood. 

Queen.—1917, fairly good condition. 

Bees.—Workers, good color, fairly quiet, drones inclined to be darker. — 

‘Condition of colony at time of infection—Brood in three frames, a little 
more than one-third sealed. Bees covering about six frames. Build- 

__ing up well. Proportion of field bees to nurse bees about equal. 

Date of first infection—May 31, 1918. ; 

‘Material used.—Ten diseased larvee from sample No. 5874, macerated 
in 250 c. ec. of a 50 per cent sugar sirup. 

‘First appearance of disease noted—June 4, 1918, four days after in- 
fection. 

Age_of larve first attacked.—Four days after hatching from the egg. 


BEES IN COLONIES AFFECTED BY EUROPEAN FOULBROOD 11 


Colony F (fig. 3), which was the next one to be infected, although 
not as strong as colony G, was of Italian stock and did not show the 
appearance of disease until one day later. 


cell appeared in each of two combs. 
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fifth day that the disease had spread to seven combs, the total number 
of diseased larvee being, as a whole, less than in the hybrid colony. 
There was not brood in all seven combs at the time. of infection, but 
the brood increased faster than the disease spread. After the 
twenty-fourth day a permanent improvement began to be manifest. 
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This improvement continued after the queen was caged and became 
more marked after she was removed from the colony. 

These bees were better house cleaners as well; the appearance of 
larvee remaining over more than one observation period did not be- 
come evident until after the ninth day, compared with the sixth day 
in colony G. At no time were there as many of the larve nearly 
ready to pupate that were gummy or rubbery. Even though this 
colony was on the average weaker than colony G all the time, it 
handled the disease much better. It was 14 days before colony G 
had cleaned up to such an. extent that it was deemed safe to intro- 
duce a new queen, while in colony F, with the Italian bees, the 
combs were so nearly cleaned of everything but a few old scales 
that a five-frame nucleus with a new Italian laying queen was united 
with this colony after a 10-day queenless period and in 9 days 
more everything was absolutely clean and the queen was laying in 
the combs that had had disease in them. 

When an observation was made nine days after the new queen’s 
eggs were first noted, it was found that there was a slight recurrence 
of disease in three of the combs. But, unfortunately, at the same 
time, queen cells and no eggs were found, denoting that for some 
reason this queen had not been accepted. Therefore the queen cells 
were all removed and a new queen was introduced. Although the 
author’s observations ended of necessity soon thereafter, it was 
reported to him that this colony was doing nicely later in August 
and was perfectly healthy. ‘If the first new queen had not disap- 
peared, it is quite probable that as soon as a sufficient number of 
her bees had emerged they would have cleaned up the recurring 
disease in the same manner as was done in colony J, which will be 
mentioned later. 

Several times in this colony, during the cleaning-up process, bees 


“were watched in the act of sucking up juices of diseased larve 


that had been partially removed from the cells with the aid of 


forceps. 
COLONY EH 


Race.—Hypbrid, a division of Colony G, hybrid. 

Queen.—1918. Of their own raising. Poor. 

Bees.—Dark hybrids, almost black, excitable. 

Condition of colony at time of infection—Brood in three frames, a few 
eggs in one, only one small patch sealed, the remainder from eggs up to © 
4-day larve. Bees covering about five frames. Fairly good proportion 
of nurse bees. 

Date of first infection—July 1, 1918; second infection, July 8, 1918. 

Material used.—20 old, dried, rubbery, diseased scales from sample No. 
5898, macerated in 250 ec. c. of a 50 per cent sugar sirup, colored with 
eosin. 

First appearance of disease noted.—July 5, doubtful. Positive July 8, 7 
days after infection. 

Age of larve first attacked.—Four days after hatching from the egg. 
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Colony H (fig. 4) was treated as a double experiment. The infec- 
tion of this colony was not started until after the honey flow had come 
on quite heavily. Also, instead of freshly diseased larve, old brown 
rubbery scales were used that showed Bacillus pluton present. micro- 
scopically, but were heavily overgrown by Bacillus alvei. It was de- 
sired to learn whether these scales were still infectious, so that nurse 
bees working on them, cleaning them out, might get infective material 
on their feet and mouth parts which could be carried to healthy larve. 
This was noted later in the observation hive, where, under the magni- 
fying glass, bees were seen trying to remove some of these rubbery 
scales, first moistening them with their tongues and then pulling at 
them with the mandibles and front feet. 

This colony, which was marked hybrid and weak, was slow in 
developing the disease, partly because of the diluting effect of the 
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Fic. 4.—The course of European foulbrood in colony H. 


EH A 


heavy honey flow and probably partly because there was a smaller 
number of infectious organisms present in the scales than in fresh 
larve. This is explained by the fact that the secondary putrefactive 
invading organisms would tend to kill off the primary organism, be- 
cause of the accumulation of the products of the putrefactive action. 

On the seventh day before the disease was first noted, a second 
infection of scales macerated in sugar sirup was given this colony 
to counteract the effect of these retarding factors. However, later on 
the seventh day, diseased larvee were found, and from then on the 
disease started to spread and increase irrespective of the heavy honey 
flow, exhibiting all the symptoms and tendencies shown in colony G, 
of which this colony was a division before infection. 

On the seventeenth day it was necessary to remove the queen and 
start treatment, but what was taking place was evident. This removal ° 
of the queen did not seem to have a very marked effect on the house 
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cleaning until the colony was united with colony I, a slightly dis- 
eased Italian colony. They then began cleaning the H combs, and 
the combined colony was reported clean in August. 


* COLONY A 


Race.—lItalian with some possible slight hybrid blood. 

Queen.—1918. Of their own raising. 

Bees.—Workers, good color; fairly quiet. Drones, some slightly darker 
than pure Italians. 

Condition of colony at time of infection.—Brood in seven frames about 
half sealed. Bees covering about nine frames with a good proportion 
of young nurse bees. Colony strong and building up. 

Date of first infection—July 2, 1918. Second infection, July 6, 1918. 

Material used.—First, 20 diseased larve from sample No. 5937 macer- 
ated in 250 ec. c. of a 50 per cent sirup, colored with eosin, ab- 
normally heavy infection; second infection, 20 diseased larve from 
sample No. 5953 in 250 c. c. of uncolored sirup. 

First appearance of disease noted.—July 8, 1918, in drone brood, six days 
after infection. 

Age of larve first attacked—F¥our days after hatching frem the egg. 


Colony A (fig. 5) was a fairly strong colony of Italians. Like col- 
ony H, it was infected after the heavy honey flow had started and was 
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Fig. 5.—The course of European foulbrood in colony A. 


NUMBER OF 
LAUWAE OBSERVED 


given twice the amount of infective material colonies F and G received. 
Nothing having appeared on the fourth day, a second infection of 
the same amount was given. On the sixth day 6 diseased larvee 
were seen in three combs. This colony, however, was so strong that 
the disease obtained very little foothold, and from the fourteenth 
day began to decline, or at least failed to make further gains. As 
a side experiment in this colony a comb of eggs laid by an Italian 
queen was placed in between two combs showing disease. If there 
is anything in the belief that Italian stock is more resistant to disease, 
the larvee in this comb should not have developed the disease, or at 
least not so soon. However, on the sixth day one or two larve showed 
disease, increasing slightly in numbers for a few days until the obser- 
vations were of necessity stopped. Jt was intended to perform this 
experiment with several variations, such as placing eggs laid by an 
Italian queen in a diseased hybrid colony and placing eggs from 
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a hybrid queen in a diseased Italian colony, but the presence of the 
heavy honey flow made it impracticable to carry the matter further. 
This colony A cleaned up readily after removal of the queen and 
was reported all healthy in August. Although a new queen was 
given to them it is probable that a period of queenlessness and the re- 
turning of the same queen would have answered just as well. 


COLONY I 

Race.—Italian. 

Queen.—1917, fairly good condition. 

Condition of colony at time of imfection—Seven frames of emerging 
brood well covered with young bees. A strong 8-frame colony. 

Date of first infection.—July 10, 1918. 

Material used.—Thirty diseased larvsee from sample No. 5959, macerated 
in 250 ¢c. ec. of a 50 per cent sugar sirup. This was abnormally heavy 
infection of diseased material. 

First appearance of disease noted.—July 15, 1918, five days after infection. 

Age of larve first attacked—Your days after hatching from the egg. 

This colony was infected during the heavy honey flow, but 
although given a heavy infection it had sufficient strength, aided by 
the heavy honey flow, to prevent the disease from spreading. On 
July 15 there were a few diseased larvee in two combs. On July 24, 
14 days after inoculation, there were only a few diseased larve in 
three combs. This was after the queen had been removed on July 
18 and the colony had been united with colony H on the 20th. 

An interesting observation was that under the magnifying glass 
the methods of the nurse bees in sucking the juices from dead dis- 
eased larve and the pulling of the skins out to carry them away could 
be noted. No bee worked very long at a time on one larva. One 
after another worked until all was completed. 


SUMMARY OF PREVIOUS EXPERIMENTS 
Table I gives a partial summary of the data thus far described. 


Taste I.—Showing the first appearance of disease noted after infection. Also 
the number of combs showing infection and the spread of the infection from 
comb to comb in the various colonies under observation 


Days after infection. 
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1 Experiments started before the beginning of the heavy honey flow. 
2 Experiments started after the beginning of the heavy honey flow. 
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In the first group, colonies G and F, it is quite apparent that 
the Italian bees, colony F, made the better showing, even though the 
hybrids were the stronger colony in the beginning. As may be 
seen from a comparison of the two plots in figures 2 and 3, in 
colony G wherever there was a lag in the house cleaning there was 
marked increase in the number of larve remaining over more than 
one. observation period, and these increased until strengthening 
treatment was started. On the other hand, in colony F these were 
removed almost entirely by the time the strengthening treatment 
was started. The Italians did not allow the disease to appear as 
soon or to spread as rapidly, cleaned house better, left fewer larve 
to dry down to the brownish rubbery scales, and responded to the 
increased honey flow and treatment much more readily. 

In the second group, colonies H, A, and I, the Italian colonies 
A and I again made the best showing. With the added diluting | 
effect of the honey flow, they allowed the disease to gain no foothold 
whatever, while the hybrids, though aided by the honey flow, soon 
succumbed and allowed the disease to gain on them. It is evident 
that the Italian bees are much more vigorous house cleaners. In 
several instances, toward the end of the egg laying of the old queen, 
and well along in the progress of the disease, cells were noted on 
these diagrams which had previously contained diseased larvee, but 
which had been cleaned out, and then in which disease had reap- 
peared after other eggs had been laid and hatched in them. They 
were cells in which fresh nectar had not been placed between the two 
series of larvee. 

It was also noted that as the honey flow increased and as the 
brood became more scattered from the effects of the disease, more 
and more fresh nectar was placed in the brood nest in cells from 
which dead larvee had been removed. Most of this nectar, however, 
was moved up later, particularly after the bees began preparing the 
brood nest for a new queen in the process of treatment. That the ad- 
vent of a heavy honey flow was effective in controlling the disease is 
evident, particularly in the length of time between the infection and 
the first appearance of disease. The data, however, show little dif- 
ference in the resistance to infection, or so-called immunity, being 
slightly in favor of the Italians, if there is any difference at all. 

Disregarding the effect of the honey flow, the period of incubation 
of the disease is apparently between 3 and 4 days. However, it was 
noted that after Bacillus pluton was first observed it was anywhere 
from 24 to 48 hours before many characteristically diseased larvee 
were observed. Therefore, the actual period of incubation is prob- 
ably from 24 to 48 hours, 
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SUPPLEMENTARY OBSERVATIONS 


STUDY OF NATURALLY INFECTED COLONIES 


As a supplementary study to the preceding artificial infection ex- 
periments, some observations were made upon the behavior of nat- 
urally infected colonies undergoing treatment. Through the kind- 
ness of W. L. Bean, of McGraw, N. Y., it was possible to make a 
series of such observations. In his apiary of about 30 colonies, all 
hybrids, the majority were diseased when observed June 8, 1918. 
Soon thereafter Mr. Bean kindly loaned two of these diseased colo- 
nies to be carried to Ithaca for closer observation. Mr. Bean at 
once started treating his bees, requeening with Italian stock by the 
method of introducing a queen cell almost ready to emerge. Appar- 
ently, this method was successful, for in the latter part of July Mr. 
Bean reported all treated colonies healthy and some 800 pounds of 
surplus honey. 

COLONY J 

Race.—Hybrid. 

Queen.—Queenless at time of arrival at Ithaca. Was poor hybrid of own 
raising, probably reared while disease was present in the colony. 

Strength in spring.—Weak. 

Strength at time of treatment.—Scattered brood in eight frames. Weak 
in bees, particularly in nurse bees. 

Approximate date of disease first noted—May 31, 1918. 

Date of start of treatment observations—June 16, 1918. 

This colony made no effort to clean up, even though they had lost 
their queen shortly before being brought to Ithaca. On the 18th of 
June six frames of Italian bees and emerging brood were placed on 
top of it. At once house cleaning started, a reduction of 50 per cent 
being noted in the fresh, moist, melting larve within 24 hours. In 
this colony it was interesting to watch the bees doing the house clean- 
ing, particularly when diseased larve in various stages of decomposi- 
tion were partially withdrawn from the cell with a pair of forceps. 
With the aid of a powerful hand magnifying glass it was easy to 
watch them suck up the juices of the dead larve, even those which 
had decomposed to the extent of being a coffee brown in color and 
viscid in consistency. No bee would work long on a larva but would 


_ back off and wipe her tongue thoroughly with her front feet. It is 


conceivable that this might contaminate her, making possible car- 
riage of the infection to the next larva fed, even though the juices of 
the diseased larva were not actually fed to the healthy one. The 
majority of bees engaged in this work were the Italians. From these 
and other observations of a similar nature there is no doubt that the 
contamination of the mouth parts is the primary method of spread- 
ing the disease inside the colony. 
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On June 25 an Italian queen was introduced in a cage with candy 
even though a few scales were still present. This was fully 10 days 
after the colony had lost its queen, if not a little longer. On June 
27 the queen was out and laying in one comb. Eight days later, on 
July 5, a recurrence of disease was noted, one larva being discolored 
and sunken, showing Bacillus pluton on microscopic examination. 
From that time on, for about 20 days after the first eggs of this 
queen were noted, one or two new diseased larve appeared at each 
observation, the number decreasing, however, until about the twenty- 
sixth day when they had all disappeared. As the new young Italian 
bees increased, the disease decreased, until a point was reached where 
they were in the predominance ad had eliminated the disease by 
their activity. ‘This was also observed in colony F. 

COLONY K 

Race.—Hybrid. 

Queen.—1917. Dark hybrid of their own raising, probably from diseased 
stock. 

Strength in spring.—Weak. 

Strength at time of treatment.—Hight frames of scattered brood and 
hardly enough bees to cover them. 

Approximate date of disease first noted.—May 31, 1918. 

Date of start of treatment observations.—June 20, 1918, at which time 
the queen was removed. 

Colony K, when it was brought to Ithaca, was so weak that it 
would soon have died.. The bees made no attempt to clean out larve 
that had been partially pulled out of the cells with forceps and 
crushed. On June 26, six days later, they were still showing freshly 
diseased, moist, melting larvee from eggs laid by the old queen, just 
before removal. At this time five frames of emerging brood and 
Italian bees were given this colony. On the 27th a new Italian queen 
was hung-in with the cage closed. The presence of the new queen, 
however, seemed to give added impetus to the house cleaning so that 
by July 1, 11 days after removal of the queen, they were prac- 
tically cleaned up and the cage was opened with candy in the open- 
ing. Further observations on this colony were ended because they 


refused to accept this queen. By the time another queen finally was — 


accepted and was laying on July 18, it was too late, as the season’ s 
work was closed by the 23d. 


BEHAVIOR OF BEES IN CLEANING CONTAMINATED CELLS 


On June 6, 1918, a sample was received for diagnosis (No. 5898), 
consisting of an entire brood comb, containing quite an area of 
capped honey. About one-half of each side of the comb contained 
a large number of dead and diseased European foulbrood larvee, in 
stages varying from the yellowish, moist, melting larve to dried 
rubbery scales of which there was quite a large proportion. This was 
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the same sample from which infectious dried scales were used to in- 
fect colony H. After this comb had remained in the laboratory, 
wrapped in paper for about 8 weeks, it was placed in the strong 
colony in the observation hive. The frame was first placed in the 
middle of the hive for about an hour and was then removed to the 
outside, where the work of the bees on it could be watched. A large 
number of what appeared to be young nurse bees were already hard 
at work on the dried diseased material. ‘The bees, working on the 
dried gummy masses, would wet the mass with their tongues for a 
while and then tear at them with their mandibles, at times removing 
pieces large enough to be seen from the outside. Often these small 
pieces were apparently dropped to the bottom board. No one bee 
worked long at one place. Those bees working particularly on the 
fresh, moist material, when leaving, would carefully wipe their 
tongues with their front feet, thereby transferring some of the in- 
fection to them. Other bees were at work carrying away the larger, 
more easily removable dead masses. The entrance also was watched 
to see if any of this material was carried out. Several bees were 
observed carrying out portions of dead larve or pup. One bee 
carried a piece about 2 yards before dropping it. Others dropped 
what they were carrying soon after leaving the entrance, but on ex- 
amining the surface of the ground about the entrance, very little 
material could be distinguished, so that apparently most of the ma- 
terial removed must have been carried some little distance before being 
-dropped. After about an hour’s work it was apparent that consider- 
able progress had been made. This comb was removed before it was 
entirely cleaned and later placed in another healthy colony for obser- 
vation. It was quickly cleaned up and quite a bit of nectar placed 
in it and, eventually, several square inches of brood. Observations, 
however, had to be stopped before any appearance of recurrence was 
noted. This same observation hive was given one or two other dis- 
eased combs to clean, but with the repeated probable infection from 
these sources the colony was so strong that no disease was noted in 
it during the entire season of observations. 


POSSIBLE INFECTION THROUGH QUEEN 


Colony M was a small nucleus made to receive the old queen from 
diseased colony K from McGraw, N. Y. The queen was introduced 
on June 20, 1918. For a while she laid fairly well, it being neces- 
sary to add one or two more combs. But later her brood became 
more and more scattered. Finally, on July 8, there was observed one 
dead larva, which looked suspicious, but which, on microscopic ex- 
amination, proved to be negative. On July 10, however, one definite 
cell appeared and several other slightly yellowish, abnormally colored 
larve. This dead larva contained Bacillus pluton. From then on 
until this queen was killed and the colony united with another dis- 


< 
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eased colony, more discolored larve appeared, showing definitely the 
‘development of the disease. As far as could be seen the only source 
of infection was the queen which had come from a diseased colony. 

This occurrence had been observed previously by the author while 
employed at the Massachusetts Agricultural Experiment Station. 
During the summer of 1916 eight queens taken from diseased Euro- 
pean foulbrood colonies were introduced into isolated, healthy nucleus 
colonies. Of these eight nuclei three developed European foulbrood, 
two were doubtful, and three remained healthy. Several such in- 
stances have been mentioned in the literature of beekeeping. 
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Fic. 6.—Distribution of cells containing infected sugar sirup and subsequent spread 
of the disease in a comb taken from colony H. ......... Area covered 
by brood at time of infection, mostly unsealed. e Location of cells con- 
taining infected colored sugar sirup on July 3, 1918. @ First positive diseased 
Jarve noted, 2 on July 8. © Number of new diseased larve (4) on July 10. 
A Number of diseased larve (13) on July 12. 0 Number of diseased larve (39) 
on July 16. © Number of diseased larve (52) on July 19. 


DISTRIBUTION OF INTRODUCED INFECTED MATERIAL 


An interesting experiment was carried out with sugar sirup, colored 
by a small amount of a harmless anilin dye, eosin, used as an indi- 
cator, which gave to the sirup a bright red color. The object of this 
experiment was to determine where the sirup, or, more important, 
where fresh nectar is first placed in the hive and combs. On May 27 
two colonies were fed this colored sirup from above some time before 
the heavy honey flow from clover started. The results were striking, 
for in nearly every case the colored sirup was easily discernible in the 
cells and the greatest part of the sirup was located in quite a definite 
area. These colored cells were either scattered among the cells con- 
taining the larve or were placed in a ring of cells adjacent to the 
brood area toward the top of the comb, little being placed with the 
solid stores (fig. 6). Furthermore, for nearly 36 hours after the 
feeding practically all the young nurse bees showed a marked pinkish 
discoloration of the anterior end of their abdomens, denoting the dis- 
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tention of the honey stomachs by the retention of the colored sirup 
therein. About half the bees in the hives were discolored in this 
manner. After a day or so, however, this begin to disappear. Also 
the number of cells showing the pink discoloration began to disappear. 
Evidently the sirup had been moved up, worked over, and mixed with 
other nectar or consumed. 

Later, some time after the heavy honey flow had started, shortly 
after July 1, two more colonies were fed colored sirup, this time 
infected with diseased larva macerated therein. 

In these cases the discolored abdomens were noted about as before, 
but the colored cells were less numerous and the color less striking. 
The location of the colored cells was similar to that in the former ex- 
periment; that is, mainly in the brood area or just contiguous to it 
and mostly above. The outside combs, containing considerable honey, 
showed scarcely any of the colored cells. This time these colored 
cells disappeared sooner, showing that the infected material must 
have been much diluted quite soon after being taken up from the 
feeding dishes. 

Figure 6 shows the method of plotting the location of diseased 
larve in the combs and also the location of the cells containing the 
colored sugar sirup. As will be noted, a fairly large proportion of 
these cells are located within the area of brood at the time of feed- 
ing. It is interesting to note the tendency of diseased brood to form 
concentric circles, showing the two series of larve occurring between 
’ the dates noted. The spreading was from two cells at first to quite a 
large number at the last observation shown. 


AGE AT WHICH LARV4 ARE INFECTED 


In previous observations it was constantly noted that the larve 
affected by European foulbrood were regularly at least 4 days old, 
the age at which the coiled larvee completely fill the bottom of the 
cells. Occasionally a slightly younger and smaller larva would 
become diseased, but this was not the common occurrence. Further- 
more, in the cases where the colored sirup was fed the bees, within 
24 to 36 hours quite a number of larvee averaging 4 days old could be 
seen discolored from having been fed this sirup, while it was notice- 
able that the younger larve under 3 days old never showed the dis- 
coloration. These colored larve were examined in a smear under 
a microscope, but the infecting organisms, being comparatively few 
in number, had not increased sufficiently at that time to be apparent. 

The question now arises as to the age at which the larve first are 
fed nectar or infected material. There has been much controversy over 
the subject of composition and source of the larval food, but as yet no 
conclusive scientific evidence has been presented. Irrespective of 
the question whether the food at various stages originates from 
glands or is regurgitated, it is apparent from these observations that 
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there must be a difference between the food which larve younger 
than approximately 3 days old receive and that fed to older ones. 
Otherwise the younger larve would also show the pink coloration. 
Von Planta (9) by chemical analyses, of questionable exactness, how- 
ever, makes a division in the feeding of the larve at the age of 4 
days, at which time the high protein and low sugar content change 
to lower protein and higher sugar content. These analyses would 
tend to coincide with the above observations, only it is probable that 
the change begins earlier. 

Additional data upon this subject are recorded in Tables IJ and ITT, 
although the observations were primarily for another purpose. In 
order to obtain further information relating to a possible difference 
in resistance to disease between Italian and hybrid bees, a careful 
record was made of the time when eggs were first noted in empty 
combs after the infection of the colony and when larve first showed 
disease thereafter. In the case of comb Special No. 2, the eggs were 
laid by an Italian queen in a healthy colony and then placed in a 
diseased colony. Colonies F, A, and I were of Italian stock while 
colonies G, H, and J were hybrid. In the recurrence of disease all 
were given new Italian queens. Ashas been mentioned before, as soon 
as the bees of the new Italian queens emerged in sufficient numbers 
the disease disappeared. 

” TABLE IT 


THE FIRST APPEARANCE OF DISEASE IN COMBS IN WHICH EGGS WERE LAID AFTER 
THE COLONY WAS INFECTED 


Number of days after eggs were first noted in comb. 
Colony and comb No. 
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Tasie IIIl.—Average time, under various conditions, in which disease becomes 
apparent in a colony after infection with European foulbrood. (Averages 
taken from Table IT) 
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The data shown, particularly in Table III, tend to disprove the 
theory that Italian bees have a natural immunity or resistance. If 
a larger number of observations could have been made, the variation 
would have appeared less. The effect of the honey flow is evident, 
however. 

When it is a question of the age at which the larve are fed material 
that contains infection, these figures are significant. In the life 
history of the bee, 3 days are spent in the egg and from 5 to 6 days 
as larva before capping, making a period of 9 days in all. After 
3 days in the egg and after having been fed predigested food for 3 
days, with the additional 24 to 48 hour period of incubation, as 
was observed earlier in this paper, the larva ought to show disease 
from the fourth to the fifth day after hatching, or the seventh to 
eighth day of its existence, if Von Planta’s assumption is correct. 
From actual observation this was found to be true and from observa- 
tion of the averages in Table III it is seen that the first appearance 
of disease occurs between the seventh and ninth days, varying with 
the conditions of the honey flow. ~ 

Referring to Dr. Miller’s theories, it is hard to believe that there 
is not plenty of highly infectious material left in the colony after 
a 5 or 6 day period of queenlessness. Aside from actual observations 
of moist, yellow, melting larve present more than 6 days after the 


* 


24 BULLETIN 804, U. 8. DEPARTMENT OF AGRICULTURE 


queen has been removed, the juices of which the workers sucked up 
with avidity, the final eggs laid will be just at the stage where the dis- 
ease first appears; that is, 3 to 4 days after hatching, at the end of a 
6-day period. Furthermore, even though the nurse bees do not feed 
to healthy larve the material that is taken up in cleaning out the 
cells in varying stages of decomposition, infection, even from scales, 
may be carried on the feet, mouth parts, and tongue, particularly, 
as was definitely shown with colony H, since these scales are in- 
fectious. The period of queenlessness and the consequent house 
cleaning are absolutely dependent on the strength of the colony. A 
strong colony cleans up rapidly, particularly after the introduction 
of the new queen in a cage plugged with candy. A weak colony, on 
the other hand, has not sufficient bees to clean even after complete 
introduction of a queen, and the disease soon appears again. Under 
average conditions, therefore, it would appear unsafe to allow less 
than a 10-day period of queenlessness in treatment of European foul- 
brood. : 


MICROSCOPICAL BACTERIOLOGICAL OBSERVATIONS 


A large number of microscopic examinations were made of larvee 
under various conditions for the positive presence of the characteris- 
tic groups of Bacillus pluton. These examinations were made mainly 
as a check on the gross observations of the first appearance of the 
disease. Cover glass smears were made of crushed larve, stained 
with carbol fuchsin and mounted in Canada balsam. These examina- 
tions were made at regular intervals after the colonies were infected, 
larvee of all ages being examined. 

It was found in the smears of those larve showing the first slightly 
abnormal symptoms that Bacillus pluton was the only organism 
present. This substantiates White’s (12) observations that before the 
disease could be detected by gross examination, by a histological 
study of sections of larvee during the period of incubation it was 
demonstrated that “in the production of the disease Bacillus pluton 
was the first invader of the healthy larve.” 

As the disease advanced in the various colonies, observations were 
made of larvee in various stages of decomposition. The bacterial con- 
tent was found to vary with the change of appearance of the larvee 
during decomposition. The presence of these secondary invaders 
easily explains the atypical appearance of certain types of European 
foulbrood that heretofore have been very confusing to the bee- 
keeper. i 

For a short time after the death of the larva, the color remains a 
moist, creamy-grayish yellow. This is during the period when Bacil- 
lus pluton and such occasional secondary invaders as Streptococcus 
apis or Bacterium eurydice and other organisms, which do not form 
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spores, are predominant as described by White (12) and McCray 
(4). Soon the putrefactive spore-forming organisms increase in 
number, Bacillus alvei' being the one most commonly found. This 
is seen particularly in the case of the more mature larvee, which when 
dying extend more or less irregularly in the cells, becoming the gray- 
ish brown slimy masses which develop into the dark brown granular 
rubbery scales. This fact has been observed for a long time in the 
many samples which have been received for diagnosis. A partial 
description of these scales and of the presence fe Bacillus alvei in 
them is given by McCray and White (5), but the experimental 
observations described in this paper added to diagnostic observations 
show that this condition is generally much more pronounced and 
common than described by these writers from laboratory observa- 
tions. The rapid increase and peculiar process of decomposition of 
Bacillus alvei, after the death of the larva, often to the exclusion of 
all other organisms, accounts for this abnormal appearance. In the 
case of American foulbrood, almost never is any other organism 
found associated with the disease but Bacillus larvae, the cause of 
the disease. This accounts for the constancy of the symptoms as 
compared with the variation of symptoms in European foulbrood 
where there may be several secondary invaders. 

Furthermore, in making the smears of the diseased larve upon 
cover glasses, the peculiar whitish saclike extrusion of the larval in- 
testines was often noticed on crushing the larve preparatory to smear- 


ing, which White (10) describes as a gross diagnostic character. 


When this sac was removed and smeared separately, it was always 
found to be heavily loaded with Bacillus pluton. Therefore it is safe 
to assume that the intestinal tract is the primary focus of infection, 
while the secondary putrefaction takes place mostly in the body tis- 
sues of the dead larva. 

Coincident with the microscopic examination of larve, several ex- 
aminations were made of the contents of the ventriculus, rectum, and 
in a few cases of the honey stomach and mouth parts of bees. These 
bees were presumably nurse bees taken from diseased combs, some in 
the very act of sucking up the juices of dead diseased larve. Al- 
though insufficient observations were made to give conclusive evidence, 
some interesting information was obtained. 

As may be seen from Table IV, the number of cases where Bacillus 
pluton or other organisms associated with infectious material were 
found in the intestinal contents is not very large. However, of more 

1 Bacillus alvei originally was supposed to be the primary cause of European foulbrood, 
but has been proved by White and others to be only a common secondary invader. Bacil- 
lus alvei has purely putrefactive functions. From its cultural and biochemical character- 


istics, Bacillus alvei apparently belongs to the common Bacillus. subtilis (hay bacillus) | 
group of spore-forming organisms, all having mainly putrefactive functions. 
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importance probably, Bacillus pluton was found in a smear made 
from the mouth parts of a nurse bee and also in the contents of the 
honey stomach of another. If these observations had been carried out 
systematically, instead of only casually, it is expected that much more 
positive data might have been obtained along these lines, owing to 
what is known already of the habits of house-cleaning bees working 
on diseased material. 


TaBLE 1V.—The results of the microscopic bacterial examination of the contents 
of the intestinal tracts of nurse bees taken from diseased colonies 


Microscopic findings. G. FE, H. A. I. J. K, Total 
Positive Bacillus pluton....-..-.----- 1 2 2 he ah lB old See aes 4 9 
Negative Bacillus pluton...........-- 11 24 18 17 12 6 9 97 
Bacillus alvet or doubtful Bacillus 
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SUMMARY AND CONCLUSIONS 


In arriving at the following conclusions an effort has been made 
to state them in a manner which will indicate the substantiation of 
previous observations made both in the laboratory and in the apiary.. 
It may be noted that many of these conclusions are similar to some 
of the statements made in Farmers’ Bulletin 975 in the summary of 
facts which apiary practice has brought out. 

1. European foulbrood is an infectious disease. Bacillus pluton 
was found to be the primary invader, appearing in the intestinal tract 
of larve before death, contemporary with the first slightly apparent 
symptoms. 

2. The variation in the appearance of the diseased larvee after death 
is due to the presence or absence of secondary invaders. 

3. The period of incubation for European foulbrood was found 
to be from 36 to 48 hours, although the gross symptoms usually do not 
become apparent in less than 3 or 4 days, varying with conditions 
of honey flow and strength of colony. 

4, It has been noted in apiary practice that the first brood of the 
year usually escapes with little loss. During the first 5 to 7 days the 
spread of the disease in the colony after infection is slow, after which 
the increase is rapid under favorable conditions. The critical time, 
therefore, to detect the disease and start treatment is early in its 
course, thus making conditions unfavorable. 

5. The evidence tends to confirm the theory that one of the ways 
the disease is spread in the colony is by the house-cleaning bees, and 
from colony to colony by their drifting. It is quite probable that the 
infective organisms are carried on the mouth parts and pedal appen- 
dages. The question of infection from intestinal contents or from 
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the source of larval food at various stages needs further substantia- 
tion. 

6. Irrespective of strength of colony, the Italian bees were found 
to resist infection much better than hybrids and showed more ability 
to overcome the disease. 

7. This apparent resistance of the Italian bees was observed to 
be largely due to the more vigorous house-cleaning characteristics 
rather than to a natural resistance or immunity to the disease. 
There was very little difference in the apparent period of incubation 
between the Italian and hybrid colonies, possibly a slight difference 
in favor of the Italians. Furthermore, it was noted that often there 
may be a slight recurrence of disease in the brood of the new Italian 
queen until a sufficient number of her bees have emerged to eliminate 
the infection by house cleaning. Apparently, infection is not always 
entirely removed by a period of queenlessness. 

8. As a rule, requeening is necessary in the treatment of European 
foulbrood, except possibly in the strongest Italian colonies, which 
show only slight infection. Where a considerable quantity of dis- 
ease is present, sufficient to require treatment, it was found unsafe 
to use a period of less than 10 days’ queenlessness, due to the infec- 
tious condition of the diseased material remaining and the accom- 
panying behavior of the colony. 

9. The stronger the colony in Italian bees, the more rapid was the 
recovery. 

10. A heavy honey flow tends to prevent infection from gaining 


~ a foothold. It also tends to eliminate the disease if present before 


the start of the heavy honey flow. This was found to be due to the 


effect of dilution on the infection because of the influx and direct 


feeding of the fresh nectar to the larve. 

11. European foulbrood is a disease of weak colonies. It was 
found to be difficult effectually to infect any but the very weak 
colonies during the heavy honey flow. Therefore, colonies kept 
strong up to the time of the honey flow run very little danger of 
contracting European foulbrood. This and others of the facts ob- 
served are in exact harmony with facts already observed in apiary 
practice. 
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INTRODUCTION. 


Serious injury to apple nursery stock due to the attack of leaf- 
hoppers attracted the writer’s attention while engaged in the investi- 
gation of nursery fruit insects at West Chester, Pa. An examina- 
tion of the injury showed the presence of two species of leafhoppers, 
the common apple leafhoppert and the rose leafhopper.? Further 
study proved that each species produced a distinct type of injury, that 
caused by the apple leafhopper being by far the more serious. The 
conflicting nature of the entomological literature regarding the char- 
acter of injury caused by these two species and their habits led the 
writer, under the direction of Dr. A. L. Quaintance, of the Bureau of 
Entomology, to undertake a study of their individual life histories 
and the means for their control. 


1 Empoasca mali (Le Baron); order Hemiptera, suborder Homoptera, family Cicadellidae. 
2 Empoa rosae (Linn.); order Hemiptera, suborder Homoptera, family Cicadellidae. 


132816°—19——1 


ie 


¥: ¥ 


2 BULLETIN 805, U. S. DEPARTMENT OF AGRICULTURE. 


The destructiveness, habits, food plants, and life history of each 
species are treated separately herein. A detailed account of the ex- 
perimental work carried out for the control of these two species to- 
gether with the most efficient remedy is included. 

The data on biology and control were obtained at West Chester, 
Pa., during the seasons of 1915 and 1916, supplemented by field ob- 
servations at several points in southeastern Pennsylvania, and western 
Maryland. 


THE APPLE LEAFHOPPER, Empoasca mali (Le Baron). 
HISTORY. 


‘This species was originally described by Le Baron (1) in 18531 
under the name Tettigonia mali, and it was recorded by him as in- 
jurious to fruit trees in Illinois. In 1862 the genus Empoasca was 
erected by Walsh (2) with a description of three new species, but no 
mention was made of mali. Carlos Berg (3, p. 273), in 1879, described 
a leafhopper from Argentina as Typhlocyba phytophila, and this name 
later was considered by Gillette to be a synonym of Hmpoasca mali. 
In 1883 Forbes (4) sent specimens of a green apple leafhopper to Uhler 
who determined them as belonging to the genus Empoa; subsequently 
these insects were described by Forbes (5) as a new species, EHmpoa 
albopicta. Woodworth (6) transferred Empoa albopicta Forbes 
to the genus Empoasca in 1889 and called it Empoasca albopicta. 
The first reference to this species under its correct name, 
Empoasca mali, was made by Gillette (7) in 1890. Osborn (8) and 
later Gibson (17) mentioned it as injurious to potatoes, and Gillette 
(9), in 1898, gave the food plants and distribution. 

Frequent references to this insect have been made in mb ctioad 
entomological literature under the name of ‘‘the apple leafhopper”’ 
and “the currant leafhopper,”’ by Britton (12), Brues (13), and Gar- 
man (16) among others. It has been often referred to as the most 
injurious leafhopper, both to apple and to various field crops. Wash- 
burn (15), in 1908, was the first writer to treat of this insect at any 
length. He published a record of the seasonal history, food plants, 
injury, and control of the apple leafhopper as a nursery pest in Min- 
nesota. In 1910 R. L. Webster (18) made a detailed study of the 
life history and control of this insect on apple nursery stock in Iowa. 
In 1915 Webster (20) published an account of Empoasca mali, treating 
it as a pest of potatoes. 


DISTRIBUTION. 
There are no records showing that the apple leafhopper occurs in 


Europe. In America, outside of the United States, it has been re- 
ported from Okanagan, British Columbia, from Nova Scotia, several 


1 Figures in parentheses refer to ‘‘ Literature cited,” p. 34. 
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points in the Province o: Ontario, from Mexico, Porto Rico, and Cor- 
rientes, Argentina. In the United States this species is widely dis- 
seminated, doubtless 
due to the variety and 
abundance of its host 
plants. From speci- 
mens in the collection 
of the United States 
National Museum, 
and from the collec- 
tion, correspondence, 
and notes of the Bu- 
reau of Entomology, 
it appears to be pres- ase _ oe 
i in ait Fia. 1.—Distribution ey aaah amet (Empoasca mali) in 
ate in the Union. 


(See fig. 1.) It is found in greatest abundance throughout the east- 
ern humid area of the Upper Austral Zone. 


FOOD PLANTS. 


The food plants of Empoasca mali (Le B.) are very numerous and 
varied. In nurseries this insect prefers apple but it also feeds in 
great abundance on Norway maple and various oaks. Among field 
crops it is partial to alfalfa, clover, potato, and beets, in about the 


order named. 


A list of all host plants reported, upon the majority of which the 
writer has noted this insect feeding, follows: 


Acer negundo, box-elder. 
Acer platanoides, Norway maple. 
Althea rosea, hollyhock 
Amygdalus persica, peach. 
Apium graveolens, celery. 
Avena sativa, oats. 

Beta vulgaris, beets. 

Betula sp., birch. 

Cannabis sativa, hemp. 
Castanea sp., chestnut. 
Corylus americana, hazelnut. 
Crataegus sp., hawthorn. 
Cydonia oblonga, quince. 
Dahlia sp., dahlia. 
Gramineae, grasses. 


Hamamelis virginiana, witch-hazel. 


Hicoria pecan, pecan. 

Juglans nigra, black walnut. 
Juglans sp., walnut. 

Medicago sativa, alfalfa. 

Phaseolus vulgaris, beans. 

_ Populus sp., poplar. 

| Prunus virgianiana, choke-cherry. 


Prunus pissardi, purple-leaved plum. 
Prunus spp., cherries and plums. 
Pyrus baccata, Siberian crab. 
Pyrus communis, pear. 

Pyrus malus, apple. 

Quercus spp., oaks. 

Rheum rhaponticum, rhubarb. 
Rhus cotinus, smoke-tree. 

Ribes oxyacanthoides, gooseberry. 
Ribes rubrum, currant. 

Rubus spp., blackberry and raspberry. 
Rosa spp., roses. 

Secale cereale, rye. 

Solanum tuberosum, potato. 
Sorbus americana, mountain ash. 
Sorghum sp., sorghum. 

Syringa sp., lilac. 

Tilia americana, American linden. 
Trifolium sp., clover. 

Uimus americana, American elm. 
Viburnum sp., snowball. 

Vitis spp., grapes. 

Zea sp., corn. 
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CHARACTER OF INJURY. 


The injury caused by the apple leafhopper to nursery apple trees 
is due to the feeding of the nymphs and adults on the underside of 
the tender terminal leaves from which they extract the plant juices. 
As a result of this attack the leaves become undersized and curled 
(Pl. I, B), causing a decided check to the growth of the new wood. 
The curling begins at the apex and extends toward the base of the 
eaves, the lower surface always being rolled in. This type of injury 
differs from aphis leaf-curl in that aphids roll the leaves more tightly 
and curl them from the sides instead of from the tips. During the 
progress of the injury produced by Hmpoasca mali the leaves become 
wrinkled and the loss of sap finally causes the tips to dry up and turn 
brown. (See Pl. II, fig. 2.) 

The nymphs, because of their greater numbers and due to the fact 
that they spend the entire nymphal period on a few leaves only, cause 
more serious injury than do the adults. The latter feed only for a 
short time, being principally engaged in egg-laying, and during this 
period they fly from one tree to another. Injury by the feeding of the 
adults, therefore, is of little importance when compared with the local- 
ized injury produced by thenymphs. Consequently, the stunted ter- 
minal growth is most apparent at the time when the nymphs are 
most abundant on the foliage. As the nymphs gradually disappear 
the terminal shoots seem to revive and develop normal leaves above 
the stunted ones. (See Pl. I, A.) At the time of infestation by the 
next brood of nymphs, however, a similar check to the new terminal 
growth is produced. Thus retardation in growth occurs periodically 
throughout the season corresponding to the periods of infestation by 
the successive nymphal broods, while intervening between each infes- 
tation there is a short period during which the terminals maintain 
a normal growth. Although the different broods of nymphs over- 
lap slightly the successive checks in terminal growth usually are well 
defined. 

In the vicinity of West Chester, Pa., there are three broods during 
the season and three corresponding checks in the terminal growth. 
The first growth-check takes place during the latter part of June 
when the first nymphal brood is feeding; a second and a third check 
appear during the latter part of July and August, respectively, at 
the time when the second and third broods of nymphs are most 
active on the foliage. The first brood is the most abundant on apple 
and consequently causes more injury than do either of the two fol- 
lowing broods. Adults of the first brood do not confine their activ- 
ities to apple alone, as many scatter to other host plants to feed and 
oviposit. 
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THE APPLE LEAFHOPPER (EMPOASCA MAL!I). 


A, Terminal leaves of apple shoot outgrowing injury by the leafhopper; B, curled condition of 
terminal leaves caused by the leafhopper. 
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Fig. |1.—G@AGES USED FOR REARING THE APPLE LEAFHOPPER IN NURSERY, 
WEsT CHESTER, PA. 


Fic. 2.—TERMINAL LEAVES OF NURSERY APPLE TREES CURLED BY THE 
APPLE LEAFHOPPER. 


THE APPLE LEAFHOPPER. 
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THE APPLE LEAFHOPPER. 


A, First nymphal stage; B, second stage; C, third stage; D, fourth stage; 2, fifth stage; F, side 
view of fifth stage; G, adult; H, front view of head of adult; J, eggs im tissue on underside of 
pppie' leat, J, curled condition of terminal leaves due to attack by the apple leafhopper on 
apple. 
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As a result of the continued checking of the growth, due to the in- 
festation of the apple leafhopper, nursery apple trees often require 
an additional year’s growth before they become of marketable size, 


EXTENT OF INJURY AND INFLUENCING FACTORS. 


The extent of injury varies according to the age of the nursery 
stock and according to the differences in the character of growth of 
apple varieties. 

Seedlings and the initial growth of buds and grafts are very seriously 
injured. Nursery stock at this stage is in its most critical period of 
erowth and is injured very easily. Furthermore, any injury at this 
stage is not readily outgrown. 

After the first year’s growth the more vigorous varieties become 
partially immune to serious injury and succeed in maintaining a 
satisfactory growth, while slow-growing and tender-leaved varieties 
are at all times badly injured by the attack of this insect. This is 
easily understood since, even under normal conditions, the latter 
make but a very ordinary growth and are entirely unable to with- 
stand a serious check. Among the varieties most severely injured 
in Pennsylvania nurseries Red Astrachan, a particularly slow grower 
during the first two seasons, ranks first, followed by Smith’s Cider, 
Starr, Early Harvest, Summer Rambo, Delaware Winter, Wagoner, 
Golden Russet, Early Ripe, Wealthy, and Alexander. 


DESCRIPTION OF STAGES. 
Eaa. 
Pl. I, I. 


The egg is elongate, subcylindrical in form, very delicate, slightly curved from end 
to end, somewhat rounded at both ends but more so at the anterior one. When first 
deposited it is rather transparent but in a few days it changes to a pale yellow color, 
while a small white cap forms at the anterior end through which the red eyes of the 
immature nymph are perceptible. 

Average length of 15 eggs 0.82 mm., width 0.25 mm. 


NyMpa. 
Pl. I, A-F. 


First instar.—Color pale white, changing to a light yellowish green after feeding. 
Eyes dullred. Small pale spines on the dorsal side of the head, thorax, and abdomen; 
the latter with four spines to each segment arranged in two longitudinal rows along 
each side, one spine situated dorso,laterally, the other ventro-laterally. Posterior 
margin of metathorax blunt. First two segments of antennez pale, the remainder 
dusky. Average length of 16 specimens 1 mm. 

Second instar—General color light yellowish green. Eyes lose some of their 
red color. Posterior border of metathorax sharp in outline. First two segments of 
antenne light yellow, remainder dusky. Average length of 16 specimens 1.30 mm. 

Third instar.—General color pale yellowish green. Eyes almost pearl white. Body 
more robust than in first two stages. Wing pads appear as lateral buds extending | 
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to the hind margin of the first abdominal segment. Spines darker and more prominent. 
Average length of 16 specimens 1.85 mm. 

Fourth instar.—Head and thorax yellowish green; abdomen yellow in color. Eyes 
pearl white. Wing pads extend to hind margin of second abdominal segment. Spines 
prominent. Average length of 16 specimens 2.1 mm. 

Fifth instar.—Head and thorax pale green; abdomen yellow. Eyes dull white. 
Wing pads extend to or nearly to the hind margin of the fourth abdominal seg- 
ment. First two antennal segments green, remainder dusky. Body broader than in 
previous stage. Average length of 16 specimens 2.6 mm. 


ADULT. 
Pls tile Geeele 


General color of adult pale green; face with a white median longitudinal line in 
older specimens but composed of a series of white spots in newly hatched individuals; 
median line extending from a point midway between the ocelli to a point half the 
distance to lower margin of clypeus; two short white diagonal bands on each side of 
median line, the lower one the smaller; ashort white line, often merely two spots, beyond 
the diagonal and just above the antenna; a faint white line midway between the ocellus 
and eye; antenne 1 mm. in length, arising near the lower frontal border of the eyes; 
clypeus one-third longer than broad; loree narrow, not reaching the tips of clypeus, con- 
cave below eyes; gene almost as long and half as broad as clypeus, with one or two 
faint white spots. Vertex dark green with a median white line, narrowest in middle, 
its length equal to distance between the ocelli; a white band on each side, dorso-lateral 
and diagonal to median line. Two ocelli present, marked by two white spots and 
situated on frontal margin of vertex, their distance apart equal to twice that from the 
eye to the ocellus; eyes dull white, reddish brown after death. Pronotum pale green, 
hind margin very pale, with eight white spots along the frontal margin, the last spot 
at each end small and often fused with the one next to it so as to form only six spots; 
mesonotum with two ‘parallel white longitudinal lines centrally located and con- 
nected by a traverse one in the form of a letter H, a faint white diagonal line present 
on each lateral margin; scutellum small with a large white triangular area in the center 
and a small spot on each side along the frontal margin. Abdominal segments yellow- 
ish green with transverse yellow stripes on their hind margins, anal segment dark green. 
Wings semitransparent, pale yellowish green. Legs green, tarsi dusky at the tips. 
Sexual appendages ciliated in both sexes. Average length of 16 specimens 3.12 mm. 


ALLIED SPECIES. 


Three other species of Empoasca were found associated with 
E. mali on the foliage of nursery apple trees at West Chester, Pa. 
These species were determined by the late Otto Heidemann, of the 
Bureau of Entomology, as follows: E. birdw Goding, EL. flavescens 
(Fabricius), and F. unicolor Gillette. Birdi and flavescens are very 
closely allied species, the former being considered by Gillette to be 
merely a color variety of the latter; these two species resemble 
mali quite closely and they may be easily mistaken for it. Unicolor, 
on the other hand, differs markedly from any of the above three and 
is readily distinguished from them. 

Birdw differs from mali by its smaller size and paler color, by 
the presence of smoky markings on the elytra, and by the three white 
spots on the pronotum. 

No attempt was made to study the life history and habits of 
birdit but they are probably much the same as those of mali. From 
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field observations it was found that this species hibernates in the 
adult stage in woodlands near the nursery at West Chester. The 
adults become active in the spring about a week earlier than mali, 
confining their feeding at first to the foliage of skunk cabbage. 
From this plant they scatter to grasses and weeds beneath the apple 
trees in the nursery a few days prior to the first appearance of mali. 
During the early spring they prefer to feed on any low green vegeta- 
tion in the nursery row, and never become abundant on the foliage 
of apple until about mid-season. At this time they appear in num- 
bers associated with mali on the terminal leaves. The extent of 
damage caused by birdit is small compared with that caused by 
the common apple leafhopper, and for this reason little attention 
has been paid to it heretofore. 

Flavescens differs from birdii by the absence of the characteristic 
white markings of the pronotum and the smoky bands crossing the 
elytra. 

This species is allied very closely to birdv in appearance, and proba- 
bly in habits and life history, but it is less abundant on the apple. 

Unicolor is readily separated from mali by the absence of the 
conspicuous white markings of the face and the notum, by its greater 
length and robustness, and by the presence of a pale white spot on 
the middle of the anterior margin of the pronotum and a blue blotch 
on the scutellum. 

Few field observersations were obtained in regard to the habits of 
unicolor. The nymphs of the first brood were found on apple at 
approximately the same date and about as abundantly as those of 
malt at Hagerstown, Md. The adults of this species do not confine 
their attack to the terminal leaves, being found more frequently on 
the lower part of the trees. This species was taken in scant numbers 
on apple in the vicinity of West Chester and the injury caused by 
it was negligible. 

LIFE HISTORY AND HABITS. 
MetHops or Stupy. 


In studying the life history of the two species of apple leafhoppers 
concerned in this bulletin all data were obtained under outdoor 
conditions by rearing the insects on young apple stock in the nursery 
row. Seedlings were planted out early in the spring of 1915 and 
again in 1916 on a plot of ground at one end of a few nursery rows. 

Riley cages and arc-light globe cages (Pl. II, A) were used for 
obtaining records of the length of the egg stage, the extent of repro- 
duction per female, and the longevity of adults of the different 
broods. The globe cages were well shaded from the sun by means 
of large muslin covers over their tops, while ventilation was obtained 
both from above and below. With the use of such cages practi- 
cally normal conditions were secured for the rearing of the leafhopper 
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material. The plants were encaged before the hibernating adults 
made their appearance in the nursery, thereby preventing outside 
infestation. 

Special cages were constructed for experiments in determining 
the length of the nymphal stages. Various types of cages were 
tried in an effort to secure one in which the nymph could be reared 
under as nearly normal conditions as possible. 

The type of cage finally decided upon was made as follows: A 
piece of thin sheet-cork was cut about 2 inches square, in the cen- 
ter of which a 1-inch square hole was made. White muslin cloth 
was stretched tightly over one side of the cork and glued fast so as 
to cover the center hole. Heavy wadding cut to the shape of the 
cork, but leaving the center open, was glued to the other side. ‘With 
the muslin side out, the cage was then placed over a newly hatched 
nymph on the lower surface of a leaf. A square of stiff cardboard of 
the same size as the cork was placed on the upper side of the leaf, 
and the cardboard, leaf, and cage were fastened together by paper 
clips. The young nymph within the cage received ventilation from 
both sides, through the porous wadding and through the muslin top. 
The leaf tissue was protected against injury by the cardboard on its 
upper surface and by the wadding on its lower surface. The nymph 
was examined daily by removing the paper clips and lifting the cage 
slightly; in this manner a record of the molts was obtained. 

Although this cage was a’ little heavy when used on the small 
leaves of seedlings, it proved satisfactory when fastened to the 
larger leaves of two-year trees. For this reason the nymphal stages 
were obtained by transferring newly hatched nymphs from globe 
cages to the cork cages on uninfested leaves of older trees in the 
nursery row. 


NUMBER OF GENERATIONS. 


There are three generations of the apple leafhopper at West Chester, 
Pa. These generations overlap slightly but they are easily distin- 
guished by the resultant injury caused by each. The first generation, 
covering the period from the time of egg deposition by the overwin- 
tered females to the death of the first-brood adults, extends from the 
last week in May to the first week in August. The second generation 
covers the period from the first week in July until the latter part of 
September. The third generation, including the hibernating adults, 
lasts from the first week in September until the early part of July of 
the following season. Adults of this generation hatch during the first — 
week in September and remain on the trees until late in November 
when they seek shelter for the winter. In the spring of the following 
year overwintered adults are found on the trees from the last week in. 
May until death, which occurs during June and early July. 
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Forbes and Hart (10) in 1900 mentioned the occurrence of four 
or more generations in Illinois. In 1908 Washburn (15) suggested 
that there were two and possibly three generations in Minnesota. 
R. L. Webster (18) in 1910 recorded four generations at Ames, Iowa. 
EK. H. Gibson, of the Bureau of Entomology, has noted as many as 
five generations in southern Missouri, and six in southern Mississippi. 


Tue Eaa. 


The eggs are laid singly in the sides of the mid-vein and occasionally 
in the smaller veins of the terminal leaves. They are deposited in 
pockets just under the epidermis, usually lying in a longitudinal 
position. It is very difficult to locate the eggs as they are the same 
color as the tissue in which they are embedded, while the epidermis 
under which they are hidden is covered by the pubescence of the leaf. 
When the pubescence is removed, the tissue covering the egg appears 
slightly distorted and eventually becomes discolored. In making 
dissections of the leaf tissue the delicate egg is often crushed, where- 
upon the egg contents may be mistaken for the plant juice in the vein. 
When ready to hatch, the immature nymph pushes its head through 
the anterior end of the eggshell and forces a tiny hole in the thin 
epidermal leaf-covering, slowly drawing its body free from the 
enveloping tissue. 

Eggs of Empoasca mali have been found in the leaves of the follow- 
ing host plants: Apple, pear, peach, plum, cherry, quince, alfalfa, 
' beet, and potato. 

Adults of all three generations deposit summer eggs in leaves in 
the manner mentioned above. Washburn (15) stated in 1908 that 
the last-brood adults of this species deposit winter eggs under the 
bark of nursery apple trees in Minnesota, and that the nymphs hatch- 
ing therefrom the following spring attack the lower leaves of the trees. 
Webster (18) in 1910 made similar observations in Iowa. At West 
Chester, Pa., the apple leafhopper certainly does not pass the winter 
in the egg stage. Several experiments were made in the attempt to 
obtain winter eggs by confining numerous pairs of third-brood adults 
in cages, but all proved unsuccessful. Field observations for two 
seasons on several thousand trees also substantiate the above view. 
However, winter eggs of the rose leafhopper’ (which will be treated 
later) were found in abundance in this locality, the nymphs of which 
confine their feeding to the lower leaves of the trees. 


Toe Nympu. 


The newly-hatched nymphs are very small, wingless, white in color, 
and of the same form as the adults. Immediately after hatching they 
settle down to feed, inserting their minute beaks in the leaf tissue 
and sucking the plant juices. A day or two after taking food into 

132816°—19——2 
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their bodies the young nymphs change to a pale green color, which is 
the characteristic color during the remainder of their nymphal life. 
The nymphs pass through five stages of development before they 
reach maturity, molting and increasing in size at the completion of 
each stage. The nymphs are very agile in their movements and run 
in a zig-zag or sidling manner; only fourth and fifth stage nymphs 
are able to hop. 

The first nymphs of the season appear on the trees about June 1, 
and the nymphal infestation is at its height about three weeks later. 


Tur ADULT. 


The adults are very active, especially on warm, sunny days, when 
they rise from the trees in swarms at the least disturbance. During 
flight the hoppers seldom rise over the tops of the trees but fly 
sidewise to the next nursery row. 

Records have appeared stating that this insect is strongly attracted 
to artificial light, but this view is contrary to observations made by 
the writer. Among the leafhoppers found swarming around electric 
lights the two allied species EL. flavescens and E. birdii were far more 
abundant than this species. 

_The overwintered adult leafhoppers become active during the 
warm days about the middle of May. Upon leaving their hibernating 
places they immediately disperse to apple blocks in the nursery. 
The first adults of the season appearing on apple stock in the nursery 
were found on May 18; by June 1 they become quite abundant on the 
foliage in this section. For several days they confine their activities 
to feeding on the underside of the terminal leaves. After feeding 
for about a week the adults mate and soon begin depositing the first- 
brood eggs. 

Adults of all three generations have the same habits on apple. 
Third-brood adults feed on apple foliage in the fall until cold weather 
sets in. Prior to going into hibernation they collect on the lower 
leaves of the trees and on several varieties of low-growimg weeds in 
the nursery row, being especially abundant on sorrel (Rumez sp.). 


LONGEVITY OF OVERWINTERED ADULTS. 


Data on the length of life of the adult apple leafhoppers were ob- 
tained with great difficulty, due to their activity. A Riley cage was 
used in this experiment in which 50 adults were confined on a young 
apple tree. The newly transformmg nymphs were removed from 
the foliage from time to time to prevent confusing them with the 
adults. During the progress of the examinations a few adults made 
their escape. A record of the date on which the adults died is given 
in Table I. It will be noted that death occurred in most cases by 
July 1. From observations in the field it was found that practically 
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et 


all overwintered adults had disappeared from the trees by the first 


week in July. 


Taste I.—Longevity of overwintered adult apple leafhoppers; 50 adults placed in cage 
June 8, 1915. 


Date of examination. pes Date of examination. Nuun bes 
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1 Escaped. 


EXTENT OF REPRODUCTION BY OVERWINTERED FEMALES. 


Pairs of overwintered adults were placed on young trees in globe 
cages to determine the number of eggs deposited by a female in con- 
finement. The adult leafhoppers were allowed to remain on the 
foliage until they died. Examinations were made from time to time 
and a record was kept of the number of nymphs removed at each 
examination. This method of obtaiing the extent of reproduction 
does not take into consideration the number of eggs that failed to 
- hatch; however, it shows approximately the number of eggs deposited 
by asingle female. 

Two experiments were carried out and averages of 27 and 28 eggs 
per female hatched in the respective cages. In Table II the number 
of nymphs removed is given. 


Tasie II.—Number of first-brood nymphs produced by overwintered adult apple leaf- 
hoppers in confinement, West Chester, Pa., 1915. 


Cace No. 1—TWO PAIRS OF OVERWINTERED ADULTS PLACED IN CAGE ON YOUNG 
APPLE TREE JUNE 9, 1915. 


Number Number 
of first- of first- 
Date of examination. brood. Date of examination. brood 

nymphs nymphs 

removed. removed. 
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CaGcE No. 2_THREE PAIRS OF OVERWINTERED ADULTS PLACED IN CAGE ON YOUNG 
APPLE TREE JUNE 7, 1915. 


= 
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FIRST BROOD OF EGGS. 


Length of incubation period.—The adult females are very rarely 
seen depositing eggs since they are very agile in their movements 
and take flight at the slightest disturbance. Moreover, even though | 
a female is observed in the act of oviposition, the egg is seldom 
detected, as it is inserted under the epidermis and is further hidden 
by the downy pubescence of the leaf. For these reasons only approxi- 
mate records of the length of the egg stage could be secured. 

Data on the incubation period were obtained by confining copu- 
lating pairs of overwintered adults on a seedling tree in a globe cage. 
The adults were removed after 24 hours and a daily record was kept 
of thenymphs.as they hatched. The length of theegg stage, together 
with the average mean temperature for the entire period, is given in 
Table III. The average incubation period was 7.5 to 9.5 days; 
the maximum, 10 to 12 days; the mmimum, 5 to 7 days. 


Tasie ITI.—Length of incubation period of first-brood eggs deposited by overwintered 
females of the apple leafhopper in confinement, West Chester, Pa., 1915. 


TWENTY PAIRS OF a ieee ADULTS PLACED ON APPLE TREE JUNE 18, 1915, 
2M.; ADULTS REMOVED JUNE 14, 12 M. 


ei Number | Length ee 
Date of PSU Tn of newly hatched nymphs. Pasa eee | ture for 


entire 
removed.| period. period. 
1915, Days °F. 
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FIRST BROOD OF NYMPHS. 


Length of stages.—The length of the nymphal stages and of the 
entire nymphal period was obtained by confining newly hatched 
nymphs in the cork cages described on page 8. Each cage was 
examined daily and a record made of the length of each stage, the 
cast skins being removed from the cages after each molt. The 
length of each stage and of the entire nymphal period is shown in 
Table IV; the average mean temperature for each nymphal period 
is also included. The average length of the nymphal period for 
22 nymphs was 18.7 days; the maximum, 22 days; the minimum, 
15 days. 


ig : 
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Taste 1V.—Length of nymphal stages of the first brood of the apple leafhopper at West 
Chester, Pa., 1915. 


First brood, June and July. 


Total] tem- 


of First | First} Second Third |Third| Fourth |Fourth| Fifth |Fifth aa leah Dera 
hatch- | molt. |stage.| molt. stage. molt. |stage.| molt. |stage.| molt. |stage. Mie- or 


1915 1915. |Days.| 1915. |Days. 1915. |Days.| 1915. | Days.) 1915. |Days.|Days.| °F. 
18 


June 12|Junei5] 3 June 17} 2 June 21} 4 June 25 4 June30] 5 75. 18 
o...| Junel6] 4 June 18} 2 |...do. 3 June 26 5 July 1} 5 19 75.47 
Do June18| 6 June 21} 3 June 25] 4 June 29 4 July 3] 4 21 75.79 
Do Junel6| 4 June 19} 3 June 22] 3 June 27 5 July 1} 4 19 75. 47 
June 13 |.--do. 3 June 20} 4 June 24| 4 -.d0i...- 3 July 2} 5 19 75. 20 
Do...| June17| 4 Pes eee 3 June 21} 1 June 26 5 July 1} 5 18 75.15 
Do...| Junel8} 5 dow ) | LO. sae 1 June 27 6 July 4] 7 21 75. 70 
Do...| June16} 3 Edasssa 4 June 25] 5 June 29 4 July 3] 4 20 75. 52 
Do...| June18| 5 BQO snes 2 June 23] 3 June 27 4 July 2) 5 19 75. 20 
June 14 |Junel6| 2 June 19| 3 June 21] 2 June 29 8 July 3| 4 19 75. 20 
o...|Junel7] 3 June 20} 3 June 24] 4 June 28 4 July 2) 4 18 74, 84 
Do...} Junei8} 4 Novae 2 June 23} 3 sedOse-e 5 July 3} 5 19 75. 20 
Doe doe 4 June 21| 3 June 29] 8 July 2 3 July 6} 4 22 75. 28 
Do...! June17} 3 MdOu. sce 4 June 23] 2 June 26 3 July 1} 5 17 74.77 
June15|Junel8s| 3 we loweee 3 June 24! 3 June 28 4 July 3] 5 18 74. 81 
Ola 5 |/s4200 3 nadOneece 3 June 25| 4 June 29 4 July 4} 5 19 75. 05 
Do...| June19|] 4 med Ocneas 2 June 24] 3 June 28 4 July 1} 3 16 74. 32 
§ se lie Clos 4 June 22] 3 June 27} 5 July 1 4 July 6} 5 21 74.95 
June 18 | June 21] 3 June 26) 5 June 29] 3 July 3 4 PO eeias 18 74. 36 
Do...| June 20| 2 June 24| 4 |._..do___.. 5 July 2 3 Sec sa5 |) %! 18 74. 36 
June 19 | June 21 | 2 WwdozJ.-. 3 June 26] 2 June 29 3 July 4] 5 15 74. 06 
June 23 | June 26] 3 June 30| 4 July 4] 4 July 8 4 July 11} 3 18 75.07 
Average|...------ Gb O)lgetoeatieee Ed a ee na SHAT Asoo | 452) ee a 4.5 | 18.7 | 75.04 


FIRST BROOD OF ADULTS. 


Longevity.—First-brood adults were confined in a Riley cage to 
determine the length of life. Most of the hoppers died by August 1, 
as shown in Table V. 


TasLE V.—Longevity of first-brood adult apple leafhoppers; 50 adults placed in cage 
July 2, 1915. 


Date of examination. Se ee Date of examination. Number 
3 2 
6 3 
1 4 
WO) 1 
2 3 
1 2 
3 1 
5 1 
1 1 


1 Escaped. 


Extent of reproduction.—Two globe cage experiments were made to 
determine the extent of reproduction by a first-brood female in con- 
finement. In one cage two pairs of adults, in the other three pairs 
were confined until death occurred. The average number of eggs 
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deposited per female in cage 1 was approximately 24; in cage 2, 
approximately 22. (See Table VI.) 


Taste VI.—Number of second-brood nymphs produced by first-brood adult apple leaf- 
hoppers in confinement, West Chester, Pa., 1915. 


Cage No. 1—TWO PAIRS OF FIRST-BROOD ADULTS PLACED IN CAGE ON YOUNG 
APPLE TREE JUNE 30, 1915. 


Number Number 

of second- of second- 
Date of examination. brood Date of examination. brood 

nymphs nymphs 
removed. removed. 
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CacE No. 2._THREE PAIRS OF FIRST-BROOD ADULTS PLACED IN CAGE ON YOUNG 
APPLE TREE JUNE 30, 1915. 
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SECOND GENERATION. 


SECOND BROOD OF EGGS. 


Length of incubation period:—As will be noted in Table VII, the 
length of the egg stage of this brood is somewhat shorter than that 
of the first brood. This fact undoubtedly is due to the higher tem- 
peratures occurring throughout the incubation period of the second- 
brood eggs. Asin Table III only an approximation of the length of 
the incubation period was obtained. The average incubation period 
of second-brood eggs was 6 to 8 days; the maximum, 9 to 11 days; 
the minimum, 3 to 5 days. 

TasLe VII.—Length of incubation period of second-brood eggs of the apple leafhopper, 
West Chester, Pa., 1915. 


TWENTY-FIVE PAIRS OF FIRST-BROOD ADULTS PLACED ON APPLE TREE JULY 7, 
1915, 3 P. M.; ADULTS REMOVED JULY 8,3 P. M. 


Average 
Number | Length 
of of ineu- | *™@pera- 


Date of removal of newly hatched nymphs. nymphs | bation bake 10s 
removed.| period. period. 
1915 Days FIRS 
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AWBIKY TBS 8306 Tl 5 Se oa sassbstac 32 cessedaca se ssopesd seneadaaaeangess5250 8 4-6 77. 42 
SUilby a4 Sip asa as eee 2 ee eee So caetoesoacss2eeadesgssqcdaests 6 5-7 77. 50 
AOU KY TG RoR an seis nae el BOHR Gee ABE.d oo GaepMaEonSeacsoos 15 6- 8 77. 66 
ARE Osea a POP ney. aaee Benne EC ae cla: Coe SORE Opoae shce- co 13 7-9 78. 05 
TALL LZ SOT er ee NANO NE NN ane EN RS ee 12 8-10 78. 86 
Pyei Cg CR cM ca ee ae me MM NORA SUE TEE EM Ne Ty 1 9-11 79.54 
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SECOND BROOD OF NYMPHS. 


Length of stages.—The length of the stages and of the entire nym- 
phal period of this brood was slightly shorter than in the case of 
first-brood nymphs. Table VIII shows that the average nymphal 
period of second-brood nymphs was 15.8 days; the maximum, 17 
days; the minimum, 15 days. 


Tasie VIII.—Length of nymphal stages of the second brood of the apple leafhopper at 
West Chester, Pa., 1915. 


SECOND BROOD, JULY AND AUGUST. 


Second | 8°} phira [Third] Fourth [Fourth] Fitth [ritth | 2Y™-|Ppera- 


molt. oe molt. |stage.| molt. |stage.| molt. |stage. phal pry 

riod. | nym- 

phal 

pe- 

riod 

1915. 1915. |Days 1915. |Days 1915. |Days.| 1915 Days.} 1915. |Days.|Days.| °F, 
July 14 | July 17 3 | July 19 2) July 22 3 | July 25 3 | July 30 5 16 | 79.70 
July 17 | July 19 2| July 23 4| July 26 3 | July 30 4] Aug. 3 4 17 | 80. 22 
Do...| July 20 3 | July 22 2) July 24 2] July 28 4| Aug. 1 4 15 | 80.50 
- July 20} July 22 21 July 23 1} July 27 4| July 30 3 | Aug. 5 6 16 | 79.05 
Dos heedO---- 2) July 25 3} July 28 3 |--.d0.- 2| Aug. 4 5 15 | 79.00 
ID Yo Bagel e do... 2 | ee One 3 | July 29 4| Aug. 1 3 | Aug. 5 4 16 | 79.05 
July 21 | July 24 3 | July 28 4] July 31 3 | Aug. 3 3 | Aug. 7 4 17 | 78.27 
July 22 | July 25 3] July 29 4|...do.. 2 | Aug. 2 2) Aug. 6 4 15 | 79.40 
July 23 |...do 2) |2-.d0-2 4} July 30 ti eeedouss= 3 | Aug. 7 5 15 | 78. 56 
Do..-| July 26 Sea oye @ ece@One 1} Aug. 3 4| Aug. 8 5 16 | 78.52 
Do...) July 25 2) July 28 3 |.-.do- 2) Aug. 2 3 | Aug. 7 5 15 | 78. 56 
Do..-.| July 26 oa peed One Zi |endos 2{ Aug. 3 4) Aug. 8 5 16 | 78.52 
[DOs do: 3 | July 27 fe econ Ben eed Owens 4!...do. 5 16 | 78. 52 
Do...} July 27 4] July 29 2h lp Au es oy 3] Aug. 5 4) Aug. 9 4 17 | 78.38 
Average]......--- Q5Gtleeesss see Qa Saee se 3 Duby | Pep Seearce BiQlilsayssasse 4,6 | 15.8 | 79.01 


SECOND BROOD OF ADULTS. 
; 


Longewty.—In Table IX the date of death for 40 second-brood 
adults is recorded. 


Tasie TX.—Longevity of second-brood adults; 40 adults placed in cage Aug. 13, 1915. 


Date ofexamination. Number Date of examination. Number 

ANE: 1G Bois HE OHO BE SCRE Ae ae CHES Ole teers 4 1 
ESEE: PB eo SER achat eden ae ee BOE oe ee saree 2 2 
Dard ie 2 € ea ee AUER A 10 2 
oe Pode sou oe gdanme desseIbeesde sabe ; d 

One SERGE BOER vette Hea gene 28 BY Rea Re Baa 
SHB TR! ase oe ee Ea ee ea a 5 1] 

Oli o2\06 SORE BR ACE ro aise er Beg 1] 

1 Escaped. 


Extent of reproduction.—Four separate experiments were made to 
determine the number of eggs deposited by a female of the second 
brood. Two, three, four, and five pairs of adults, respectively, were 


= 
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placed in separate cages and a record of the number of eggs hatched 
was kept. The average number of eggs deposited per female was 
19.5 in cage 1, 21 in cage 2, 20.2 in cage 3, and 18.4 in cage 4. 
The total average for the four cages was 19.8 eggs per female. (See 
Table X.) 


Taste X.—Number of third-brood nymphs produced by second-brood adult apple leaf- 
hoppers in confinement. 


CAGE No. 1.—TWO PAIRS SECOND-BROOD ADULTS PLACED IN CAGE ON YOUNG APPLE 
TREE AUG. 5, 1915. 


Number Number 
of third- of third- 
Date of examination. brood Date ofexamination. brood 
nymphs nymphs 
removed. removed. 
VATIPASG ST eee ence A cinch os DU sil (SOD be (dee = aye see wet Bese ae geet so ees 0 
TAU OB AE Renee eee ie te We Seo obey tek 12 
ANTE ASO SEES Soe ie eee stele iaarelae nego 6 Averageper female..........-..--- 19.5 


CacE No. 2—THREE PAIRS SECOND-BROOD ADULTS PLACED IN CAGE ON YOUNG 
APPLE TREE AUG. 5, 1915. 


ASB EA ep eB eset each Te OMA iA 12) || (Set alee NRC RU EE ES ee acer 3 
SEAS ORT IRD BE RSI HER ALL ea RI ONE a 29 ||| Sepeeg8e op Me is. SU es Beye el Ceri ae 0 
UE AGSTeA Sh Wh Gee ama Ane oe MR ENG 14 a 
SOD ite sarc te de se Ce ae ee Bom ya 5 Average per female: ._---..---::--- 21 


CaGcE No. 3.—FOUR PAIRS SECOND-BROOD ADULTS PLACED IN CAGE ON YOUNG APPLE 
; TREE AUG. 5, 1915. 


BT) (MSepts day cs) Osa sees arena eee 


Aug. 16....- 5 
Aug. 23 -- 24. WASODG 28 a: 3 sath ce lee eres a oe 0 

Aug. 31-- 8 a 
Sef both Samos oe soos oo dcosdoopeseeoddoone 7 Average per female.-_.......-..... 20.2 


CacE No. 4.—FIVE PAIRS,SECOND-BROOD ADULTS PLACED IN CAGE ON YOUNG APPLE 
TREE AUG. 9, 1915. 


JIN DER D AYE So em eRae Remain apa aula ae ah ae BA (PHSepts 22 ish se se Ue coe aaa er ea 


1 
IAT SR BT are Se ROM es See Sere ere 18 Bet: BO aye ES Le Layee neat 0 
fS{2) OUST Sr Se yet Gara me an ea eer arg 25 —_— 
ESTD) OE Urea le iy SUIS Or eG IB Sey ge oa 14 Average per female......-.......-- 18.4 


THIRD GENERATION. 


THIRD BROOD OF EGGS. 


Length of incubation period.—Three separate cages were used in 
the experiments on the length of the incubation period of third- 
brood eggs. The average incubation period was 9.6 to 10.3 days 
for cage 1; 9.5 to 11.5 days for cage 2; and 10 to 12 days for cage 3. 
(See Table XT.) 
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WZ 


Taste XJI.—Length of incubation period of third-brood eggs of the apple leafhopper, 


West Chester, Pa., 1915. 


Cace No. 1.—SIX PAIRS OF ADULTS PLACED ON APPLE TREE AUG. 6, 1915, 8 A. M.; 


ADULTS REMOVED AUG. 6, 4 P. M. 


Number Tncubas 


Date of removal of newly hatched nymphs. noepta tion 
removed.| P°& iod. 
1915. Days. 
SAI MUYMAN ERI ged Sabie so mmc et ees ce she emis pines set Sbbip etekacple deme ceels 12 | 8.6- 9.3 
eet MLC MASEL IN ee eR an oso calc Ac nie nic’a is nieiaicininnite matin ielsremieisereiete caisien a’ 2] 9-6-10.3 
Se PER Das INU IN ee eke clas oc sia cso da isin slomeisiabiadia’s cciepbriscie dee criewlte ste ae ale 2 |10.6-11.3 
PUOLAY Gemeente at taste SS e0 o/s cid das bxinelcuule ee ckesibaactiladeccsjslecics|'sesepebe alc 9.6-10.3 


Average 
tempera- 
ture for 


entire 


period. 


°F 

75.95 
76.40 
76.00 


76.11 


CaGcE No, 2.—TEN PAIRS OF ADULTS PLACED ON APPLE TREE AUG. 9, 1915, 4 P. M.; 


ADULTS REMOVED AUG. 10, 4 P.M. 


1915. Days. 
PULP Mid CAT EE Se SD <n aase a acieleicr evbtceeesiedes cosde tees ties Sd2 ssvaccaes ll 8-10 
PUP Steg asanetea | -isibs a sic/scjeiale esie’acieniaiejaoewiac sic\sin's Res SY eas A 16 9-11 
PAI BALD) EIN a 2 Loe. Selects aWinidicteiclelslae w alebtagelsisieliniogu ce Wiles a Anv's £45 fn oh 5| 10-12 
AE 2B p diye Tt ocedebatloogbedcne Gea econ Qar OnacdUgaEaoaSe babe sen sameaeeeee 3] 11-13 
SRV OPA ae eyel lain aya iain yLayo alin o's eins « linia Smaielgaelcts aletslaie esis ssteia,aiacm Sinielale lyoe's croveseinict 9.5-11.5 


We 
75-15 
75.00 
74.87 
75.07 


75.02 


CacE No. 3.—TWENTY-FIVE PAIRS OF ADULTS PLACED ON APPLE TREE AUG. 13, 1915, 


4P.M.; ADULTS REMOVED AUG. 14,3 P. M. 


1915. Days. 

BESET ab STANT YOM ILL cette ate elis sora etc siat cio ctafelnin eros icie is <'sicinse.« sintetetainiaistnlelemcisiase sicisye(cis 6 8-10 
PAU et eae a ep Meena e =o clale eaters olsialaie Sioinjeiciejais’= a w/n/si~ n= ose eten citeidatle Aue 43 9-11 
PRU a WAN epee ewe noises la sels Somes ccieccigeine - «aidan Sefeie s ctatedelscmels ie. 38 10-12 
ANTE PAR, Aids Title: cecendce obogenede ubeoseasddan JoesaepBer oconaunaooosousLees 9 11-13 
PAU a oie ei pvar Lene cee nee erty eee eee aL alee ce camels sleet ciate pete bet 3 12-14 
PAV OER EC meme ee ees craic era ame ceicineiaicleicie aia eislein an oeettimne!s sicssie ds wiccawise cl eds ealheatee 10-12 


°F 
74.65 
74.95 
74.70 
74.57 
73-89 


74.55 


TaBLe XIT.—Length of nymphal stages of the third brood of the apple leafhopper at West 


Chester, Pa., 1915. 
THIRD BROOD, AUGUST AND SEPTEMBER. 


Aver- 

age 
mean 

Date Total] tem- 
of | First |First] Second | $°7 | Third Third) Fourth |Fourth] Fifth |Fifth| OY™| Pera- 
hatch- | molt. |stage.) molt. |.¢),,| molt. |stage.| molt. |stage.| molt. |stage. P a {ont 
ing. riod. nym 
phal 

Ce 

riod. 

1915. 1915. |Days.| 1915. |Days.| 1915. |Days.| 1915. | Days.| 1915. |Days.|Days.| °F. 
aa 12} Aug.14]} 2 ug. 17| 3 Aug. 20| 3 ug. 2 | Aug.27}] 5 15 74, 44 
o. | Aug.16}] 4 Aug. 19 § Aug. 21} 2 Aug. 25 4 Aug. 30]. 5 18 73.10 
Do..| Aug.15} 3 |...do..... ATG! 22) |N"S) a |eeedovere. 3 Aug.31] 6 19 72. 55 
Do..| Aug.16}] 4 |.-.do-..... 3 Aug. 23} 4 Aug. 27 4 Sept.3] 7 22 72.32 
ue 14! Aug.15] 1 Aug. 18} 3 Aug. 21| 3 Aug. 24 3 Aug.30! 6 16 2.50 
o..| Aug.16] 2 Aug. 19| 3 Aug. 22] 3 Aug. 25 3 Aug.31|] 6 17 71.94 
Dose fsdo.s =|) 2"! |-sdol.. 22 310 |eeedoc.. 2 SEM peed Osere - 3 Sept.1] 7 18 71.78 
Dore secdoee st) 52 Ndotw: 3 Aug. 23 | 4 Aug. 27 Sept.2]| 6 19 71. 52 
Do..| Aug.17] 3 |...do..... 2 | Aug. 24) 5 | Aug. 26] 2 |Sept.1] 6 |18 | 71.78 
Aug. 17 | Aug.20| 3 Aug. 23] 3 Aug. 26] 3 Aug. 31 Sept.6| 6 20 71.76 
Do..|...d0..-.| 3 Aug. 22| 2 Aug. 25] 3 |...do..... Ga eee dorsaiG 20 71.76 
Do. .| Aug.21] 4 Aug. 23| 2. |...do..... 2 Sept. 1 @|kdoe 5 20 71.76 
Do. .}...do....| 4 |...do..... 2 Aug. 26| 3 ..d0..... 6 Sept. 7] 6 21 72.09 
Do..| Aug.20| 3 | Aug. 22) 2 | Aug. 25| 3 |..-do..... 7 |Sept.6| 5 |20 | 71.76 
WAverage|cccw<.-<| 258 |e... 202. 27 paseet <i. Siu Ye Saee a NO Rae 5.8 | 18.7 | 72.21 
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THIRD BROOD OF NYMPHS. 


Length of stages—The average nymphal period was 18.7 days; 
the maximum, 22 days; the minimum, 15 days. (See Table XII.) 


THIRD BROOD OF ADULTS. 


Attempt to rear a fourth brood of nymphs.—Third-brood adults 
which were reared in confinement were placed on young apple trees 
in globe cages in an attempt to rear a fourth brood of nymphs. 
Four experiments were carried out, pairs of adults being confined on 
August 24, September 14 and 30, and October 1. None of the adults 
was observed to mate and not a single fourth-brood nymph 
developed. The foliage was examined several times covering a 
period of six weeks or more after the adults were confined. 

Number of winter eggs deposited.—Four globe cage experiments 
were conducted to determine whether the third and last brood 
adults of the apple leafhopper deposited winter eggs in the bark of 
apple trees. Pairs of adults were confined in four separate cages 
on August 24, September 14, September 30, and October 1. They 
were allowed to remain undisturbed on the trees until December 10, 
when the trees were brought into the laboratory and carefully 
examined for winter eggs under the bark. Not a single winter egg 
was found on any of the four trees. 


TaBLE XIII.—Daily maximum, minimum, and average temperatures taken at West 
Chester, Pa. , from May 12 to Sept. 18, 1915. 


July. 


August. 


June. 


Day of 
month. Maxi-} Mini- Dee 


TWO LEAFHOPPERS INJURIOUS TO APPLE NURSERY STOCK. 19 


The foregoing experiments indicate that third-brood adults of the 
apple leafhopper, under Pennsylvania conditions, do not deposit 
winter eggs, but merely feed on the foliage until the time arrives for 
them to seek shelter for the winter. 

The daily temperature for the period of seasonal activity is given 
in Table XIII. 


SUMMARY OF SEASONAL HISTORY. 


The apple leafhopper passes the winter in the adult stage under 
rubbish in the nursery or more often under accumulations Ee leaves 
in adjoining woodlands. In the spring the overwintered adults 
make their appearance on the trees during the latter part of May 
and they feed on the underside of the terminal leaves for about 10 
days before mating. The females deposit their eggs in the veins of 
the terminal leaves, the average length of the incubation period of 
the first-brood eggs being approximately one week. The feeding 
period of this brood of nymphs extends from May 30 until about 
the middle of July, the nymphs being most abundant during the 
third week in June. The length of the first-brood nymphal period 
varies from 15 to 22 days, the average being 18.7 days. First-brood 
adults continue to emerge from June 20 to July 20. (See fig. 2.) 


Fic, 2.—Seasonal history of the apple leafhopper at West Chester, Pa., 1915. 


Second-brood eggs hatch from the latter part of June until about 
August 1, the length of the incubation period being about one week. 
The second-brood nymphs commence to appear about the last part 
of June, the larger percentage having developed into adults by the 
middle of August. The average length of the second nymphal period 
is 15.8 days; the maximum and minimum, 17 and 15 days, respect- 
ively. Second-brood adults appear on the trees from the middle of 
July until about a month later. 
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The third-brood eggs hatch from July 30 until about September 1, 
the length of the egg stage of this brood being about 9 to 10 days. 
Third-brood nymphs are found on the foliage from August 1 until 
about the third week in September, the average length of the entire 
nymphal period being 18.7 days or approximately the same as that of 
the first brood. By the middle of August the nymphs begin to 
transform to adults and by the end of September all the nymphs 
have disappeared. The third-brood adults remain on the trees until 
cold weather sets in when they gradually disperse to the hibernating 


places. 
NATURAL ENEMIES. 


The apple leafhopper is evidently quite free from the attack of 
parasites. Only one record of parasitism has appeared in the liter- 
ature, R. L. Webster in 1913 having noted the pupa of an egg parasite 
which, however, died before reaching maturity. 

A fon cases of parasitism of adults by a dryinid have been seen at 
West Chester, Pa., but no adults of this parasite were reared success- 
fully. However, two dryinid females were captured in the field 
while in the act of ovipositing in. the abdomen of nymphs of Empoasca 
mali. These specimens were determined by Mr. J. C. Crawford, of 
the United States National Museum, as Aphelopus albopictus Ashm. 

Probably the most effective enemy of this leafhopper is the preda- 
cious heteropteron Triphleps insidiosus:Say. This small black 
insect, which is rather common on the foliage durmg midsummer, 
feeds on the nymphs by thrusting its beak into their soft bodies. It 
is actually of little importance, however, in reducing the numbers of 
leafhopper nymphs. 

Spiders and various species of mites have been noted attacking 
and devouring nymphs on several occasions. In one instance an— 
adult of the pear-leaf blister-mite was found preying on a first-stage 
nymph. Ladybeetle larve also are predacious on nymphs to a 
small extent. 

R. L. Webster (18) records larve of aphis lions and a dipteron of 
the family Empididae as feeding on the nymphs in Jowa. 

As in the case of other species of leafhoppers, both the nymphs and 
the adults are often caught in spider webs. 


THE ROSE LEAFHOPPER, Empcea rosae (Linn.). 


HISTORY. 


The rose leafhopper was originally described by Linnaeus (21, 
p- 439) in Europe in 1758 as Cicada rosae. Since that time this insect 
has been placed in several genera by various writers in Kurope and 
North America. It was first listed by Burmeister in 1835 as Typhlo- 
cyba rosae Linn., and under this name it has been commonlyknown in 
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PLATE IV. 


THE ROSE LEAFHOPPER (EMPOA ROSAE). 


to currant leaf, 


: 


, injury 


A, Typical injury to apple leaf caused by the rose leafhopper; B 
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THE ROSE LEAFHOPPER. 


A, Front view of head of male; B, overwintering eggs under bark of apple twig; C, adult with 
wings spread; D, adult with larva of dryinid parasite protruding from the body; E, Anagrus 
armatus nigriventris, parasite of winter egg. 
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entomological literature. The genus Empoa was erected by Fitch 
(22, p. 63) in 1851, and in 1889 Weed (25, p. 155) transferred rosae 
from Typhlocyba to Empoa. In recent years rosae, with afew excep- 
tions, has been referred to under the genus Typhlocyba, owing to the 
persistant ignoring of Empoa Fitch. 

This insect has been known as a pest of cultivated roses in several 
European countries for more than a hundred years. The first 
account of the rose leafhopper in this country was published by Harris 
(23, p. 199) in 1852, when he described it as Tettigonia rosae. Al- 
though brief mention has been frequently made of this hopper since 
Harris’s time, the first record of it as an enemy of apple was made by 
Parrott (26) in 1909. Wilson and Childs (27) in 1915 were the first 
authors to treat of this insect at any length. They made a study of 
the rose leafhoppe~ as a fruit pest in Oregon, giving the life history, 
habits, destructiveness, and remedial measures. Brittain (28), also 
in 1915, discussed this species as an enemy of apple in Nova Scotia. 

SYNONYMY. 
Empoa rosae (Linn.). 

Cicada rosae Linn. Syst. Nat., ed. 10, v. 1, 1758, p. 439. 

Typhlocyba rosae Burm. Handb. d. Ent., 2, 1835, p. 107. 

Cicadula rosae Zett. Ins. Lap., 1840, p. 299. 

Typhlocyba pteridis Dahlb. Kongl. Vet.-Akad. Handl., 1850, p. 179. 

Tettigonia rosae Harr. Ins. Inj. to Veg., 2nd ed., 1852, p. 199. 

Eupteryx rosae Marsh. Ent. Mo. Mag., v. 3, 1866-1867, p. 246. 

Typhlocyba lactea Dougl. Ent. Mo. Mag., v. 12, 1875, p. 77. 

‘ Anomia rosae Fieber. Rev. d’Ent., v. 3, 1884, p. 124. 

Empoa rosae Weed. Amer. Gard., July, 1889, p. 257. 


ORIGIN AND DISTRIBUTION. 


The rose leafhopper is undoubtedly of European origin, as it was 
known to Linnaeus more than a century before it was first recorded 
in this country. It probably was introduced from abroad in the 
ege stage on rose or apple stock. 

It is distributed generally throughout the United States and has 
been taken from States forming the extreme northern, southern, 
eastern, and western limits of the country. It is apparently most 
abundant in the Northern States, particularly in the Pacific North- 
west. In Canada, this insect has been reported from Nova Scotia, 
Ontario Province, and from British Columbia. In Europe it has been 
recorded from several localities in England, France, and Germany. 


FOOD PLANTS. 


This insect, although primarily a pest of rose and apple, is arather 
general feeder. At West Chester, Pa., it has been taken feeding 
upon rose, apple, pear, peach, plum, cherry, quince, currant, goose- 
berry, raspberry, blackberry, grape, Crataegus, elm, oak, and cotton- 
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wood (Platanus deltoides). In addition, Wilson and Childs list 
strawberry, logan blackberry, and prune from Oregon. It is likely 
that this leafhopper will feed on the foliage of most plants belonging 
to the family Rosaceae. 

CHARACTER OF INJURY. 


The nymphs and adults of Empoa rosae confine their feeding entirely 
to the lower leaves of apple trees in the nursery. They congregate 
on the lower surfaces of the foliage and suck the plant juices by 
puncturing the leaf tissue with their tiny beaks. The first indication 
of the injury is the mottling of the leaves with yellowish or whitish 
spots at the points where the punctures were made. (See Pl. IV.) 
When the leaves become heavily infested they turn yellow, dry up, 
and drop to the ground prematurely. The foliage is never curled by 
this species, nor is the terminal growth checked, as in the case of 
injury by Empoasca mali. 

A second type of injury is produced by the egg punctures made by 
the females in the fall during the oviposition period. The eggs are 
deposited under the bark of young apple trees, several hundred eggs 
often being placed in a single twig. 

The injury produced by the rose leafhopper to apple nursery stock 
is of little importance, however, when compared with that caused by 
the more destructive apple leafhopper. 


DESCRIPTION OF STAGES. 
EGG. 
PvE ee 


The winter egg is elongate oval, slightly crescentic .n form, almost circular in cross 
section, and blunt at both ends. I+ is almost transparent at first, but when ready to 
hatch it changes to a milky white color, while ane red eyes of the young nymph are 
visible through the smooth chorion. 

Average length of 16 eggs 0.65 mm., width 0.19 mm. 


NYMPH. 


First instar.—Color of first-instar nymph pale white changing to light yellow after 
feeding. Eyesdullred. Small spines present on the dorsal side of the head, thorax, 
and abdomen; the latter with four spines to each segment arranged in two longitu- 
dinalrowsoneachside. Posterior margin of metathorax blunt. First two segments of 
antenns pale, remainder dusky. Average length of 16 specimens 0.98 mm. 

Second instar.—General color creamy white to light yellow. Eyes lose some of 
their red color, becoming lighter. Wing pads begin to appear as lateral buds. Pos- 
terior margin of metathorax sharp in outline. First two segments of antennae yellow, 
remainder dusky. Average length of 16 specimens 1.27 mm. 

Third instar. —General color light yellow. Eyesdull white. Body more robust than 
in first two stages. Wing pads extending to hind margin of the first abdominal seg- 
ment. Spines darker and more prominent. Average length of 16 specimens 1.55 mm. 
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Fourth instar.—General color light yellow. Eyes almost pearl white with a brown 
central spot underneath. Wing pads extending to hind margin of the second abdom- 
inal segment. Spines very distinct. Average length of 16 specimens 2.03 mm. 

Fifth instar.—General color as in previous stage. Eyes almost pearl white. Wing 
pads extending nearly to the hind margin of the fourth abdominal segment. Broader 
than in previous stage. Average length of 16 specimens 2.85 mm. 


THE ADULT. 
Pl. V, A, C. 


- General color of adult creamy white to light yellow. Head rather pointed, pale 
yellow; face of male with a tint of orange color in the form of a central longitudinal 
stripe with several transverse radiating stripes; genze pale, narrow, and almost as long 
as clypeus; lorze very narrow, sunken beneath the compound eyes. Vertex pale yellow 
with two semitransparent spots just above the ocelli, a faint median longitudinal 
semitransparent line extending from the hind margin half-way to the front margin, 
and a semitransparent line bordering each eye. Two ocelli present, situated on the 
frontal margin of the vertex, marked by two white spots with a dark center, distance 
apart twice that from the eye to the ocellus; eyes pearl white with a darkened center, 
ashen-gray after death. Pronotum light yellow with a semitransparent area in the 
center; mesonotum semitransparent with a large trapezoidal creamy area extending 
from the front to the hind margins, wider behind; a small cream colored area anteriorly 
on each side; scutellum cream-colored, sometimes with a semitransparent area caudad. 
Elytra transparent. First two segments ofantenne pale, flagellum dusky. Legs pale, 
tarsi dusky at tips. Sexual appendages slightly ciliated in female only. Average 
length of 12 specimens 3.00 mm. 


LIFE HISTORY AND HABITS. 


Tue Hae. 


Part of the rearing work in the life history of the rose leafhopper 
was conducted durig the spring of 1915, the work being completed 
during the season of 1916. In obtaming data on the biology of this 
insect the same methods as devised for the study of the apple leaf- 
hopper were used. 

Winter egg.—This leafhopper hibernates in the egg stage, winter 
egos being deposited in the fall during the period extending from 
the last week in September to November 1. They are laid almost 
entirely under the bark of apple trees and rose bushes, though a few 
have been found in pear, quince, cherry, plum, currant, and Cra- 
taegus. The eggs are deposited singly, usually lying im a longitu- 
dinal position just under the epidermis, and they are placed in a dis- 
tinct blister or pouch which measures 0.7 to 0.8 mm. in length. 
They are easily located by looking on the bark for the raised blister, 
which, as a rule, is slightly crescentic in outline. Winter eggs have 
been found in the bark of nursery apple trees from one to four years 
old; they are found in greatest numbers on the first year’s growth of 
two-year trees. The favorite location for oviposition seems to be 
around the bases of the lowest limbs or on the trunk just below the 


first branches. 


2 
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Summer cggs.—Summer eggs are laid by first-brood adults during 
July in the veins of the lower leaves. 


Tur Nympa. 


The nymphs of this species differ from those of Empoasca mala 
by their paler color, by their smaller size, and by the fact that they 
confine their activities entirely to the lower leaves of the trees. 
Though very active they are not quite as quick in their movements 
as the nymphs of the apple leafhopper. 

As the young nymphs emerge from the eggs in the bark they make 
their way to the nearest leaves, where they immediately settle down 
to feed. In the vicinity of West Chester, Pa., the first nymphs of the 
season emerge about May 1, and by May 15 practically all the winter 
eggs have hatched. Generally speaking, the nymphs of this species 
are from three to four weeks old before the first nymphs of H’mpoasca 
mali appear on the terminal leaves. 


Tsar ADULT. 


Nymphs of the first brood transform to adults during the first 
two weeks in June and these adults feed on the foliage for several weeks 
before mating. Oviposition extends over a period of about two 
weeks during late June and early July, most of the first-brood adults 
dying by the end of July. 

Second-brood adults begin to appear during the first week in August, 
and they remain on the trees until death, which occurs by Novem- 
ber 1, after the winter eggs have been deposited. A few adults 
have been noticed on the trees as late as November 25. No rose 
leafhoppers, either in confinement or in the field, were observed to 
hibernate in the adult stage. 


First GENERATION. 


FIRST BROOD OF EGGS. 


The length of the incubation period of the first-brood eggs (.. e., 
the winter eggs) is 6 to 7 months. Eggs deposited during October 
hatch by the middle of May of the following year at the latest. 


FIRST BROOD OF NYMPHS. 


Nymphs newly hatched from winter eggs were confined in indi- 
vidual cerk cages on uninfested leaves. The average length of the 
entire nymphal period, as indicated in Table XIV, was 33.4 days; 
the maximum, 36 days; the minimum, 30 days. 
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Tasie XIV.—Length of nymphal stages of the si brood of the rose leafhopper on nursery 
apple trees at West Chester, Pa., 1915. 


First brood, May and June. 


Aver- 

age 

: mean 

BeTata : Total] tem- 


of First |First| Seconda | 8°! Third |rhird] Fourth [Fourth! Fifth [with Phat Dena 


hatch- | molt. |stage.| molt. molt. |stage.| molt. |stage.| molt. |stage. nie 


ing. fod. nym- 
ee 


1915. 1915. |Days.) 1915. |Days.) 1915. |Days.| 1915. | Days.| 1915. |Days. Days.) °F. 
May 6|May ll] 5 May 14] 3 May 21/| 7 May 28 7 June 7] 10 32 67.19 


May 7} Mayi13} 6 |May 17| 4 |May 24] 7 | May 30| 6 |June 8} 9 | 32 | 67.33 
Do...| May 14| 7 May 21] 7 May 29] 8 June 6 June12| 8 36 68. 16 
LC ee eae do. 7 May 22) 8 May 28] 6 June 2 5 Junel0| 8 34 67.47 
Do...) May 15] 8 meObs- 2: 7 sfdD ses: 6 June 3 6 Junell| 8 35 67.79 
Do...| May 12} 5 | May 20] 8 May 26] 6 BG! eace 8 June 9| 6 33 67. 44 
Do...| May 16} 9 May 23] 7 May 29] 6 June 5 i June12| 7 36 68.16 
Do. May 15] 8 u@d0see24 8 May 30] 7 June 4 5 Junell| 7 35 67.79 

May 8] May 13] 5 May 21] 8 May 27} 6 June 3 7 Sa skoye 8 34 67.70 

May 11) May 16] 5 CGO. eae 5 Napltpe a: 6 .-do.. 7 Juneld} 7 30 67.85 

o..-| May 17| 6 May 22) 5 May 28| 6 “vs dadere 6 Junell| 8 31 68. 29 
Avverage....... Guas eabcus ks GRoE |S ae eee te: G34) | Soot wae ASE, | eneeeses 7.8 | 33.4 | 67.74 


FIRST BROOD OF ADULTS. 


No attempt was made to obtain definite data on the longevity of 
first-brood adults. Ninety adults, however, were confined in a Riley 
cage on a young apple tree on May 31, 1916, and the last leafhoppers 
died on August 1; by this date many of the second-brood nymphs 
had appeared. Thus, the length of life of the adults of this brood 
is approximately two race tie 


SECOND GENERATION. 


SECOND BROOD OF EGGS. 


Length of incubation period.—An approximation of the length of 
the egg stage of second-brood eggs (i. e., the summer eggs) is shown 
in Table XV. The average length of the period was 25 days; the 
maximum, 27 days; the minimum, 23 days. 


TABLE ue es incubation period of summer eggs deposited by first-brood females 
the rose leafhopper, West Chester, Pa., 1916. 


Four pairs ofadults placed in confinement on apple tree July 28, 1916, 4 p.m.; adults removed July 29, 4p. m. 


Number Number 
Dai of porovel ofnewly of geo te of romoyet of nen of 7 ease 
atched nymphs. nymphs F atched nymphs. nymphs . 
removed.| Period. removed.| Period. 
1916 Days 1916 Days 
EAE I ee STEREO be DR i ge Bs 5} AO eR a SV oT OY Pe 
JS VCP 7 2 ES ie a eee i) SD || ANTE DBE) AL aN Ns Le olay 0 
J NUS PES, Beene BEE eee 2 ZAK 2G| | AUTO 2 = ree de ge da ALE ee (teak Soe 
eR 9 ae ee ee 2 20-20" ||) MOSEQB A. Te. Ai Sere eee tee Od eee 
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Length of stages.—In Table XVI the length of the stages and of the 
entire nymphal period is recorded. The average length of the 
nymphal period was 17.7 days; the maximum, 19 days; the mini- 
mum, 16 days. It will be noted that the length of the nymphal 
petiod of the second brood was much shorter and that the corre- 
sponding temperatures were much higher than in the case of the 
first-brood nymphs. 


TasBLe XVI.—Length of nymphal stages of second brood of the rose leafhopper on nursery 
apple trees at West Chester, Pa., 1916. 


Second brood, July and August. 


Aver= 
age 
mean 
Date Total] tem- 


of First |First| Second | 8°%] Third |Third| Fourth |Fourth| Fifth |Fifth Sulina 
hatch- | molt. |stage.| molt. molt. |stage.| molt. |stage.| molt. |stage. P ure 


ig stage e- | for 
ing. riod. | nym- 
pha) 

pe= 

riod. 

1916. eee Days.| _1916. |Days.| 1916. |Days.| 1916. | Days.) 1916. |Days.|Days.| °F. 
July 21 | July 2 4 July 28} 3 July 31} 3 Aug. 3 3 Aug. 7] 4 17 79.72 
July 24 | July 3B 4 July 31| 3 ug. 4 Aug. 6 2 Aug.10} 4 17 80. 13 
July 25 | July 27| 2 pe doseee 4 Aug. 3 adOteeee 3 . -d0.- 4 16 80.38 
Do...}| July 28} 3 Aug. 1 Aug. 5| 4 Aug. 7 2 Aug.12| 5 18 |} 80.55 
Dssc) dikes le INE BS Lees | Aes BI .do....| 4 |18 | 80.55 
July 28 |-.-do. 3 Aug: 4 Aug. 6] 2 Aug. 9 3 Aug.15! 6 18 79. 84 
WD ON ee Acre st | hea | peel omeaee a5 |bneGlseoo- 2 -do.....| 3 |..-do....| 6 |18 | 79.84 
Do...|---do....) 4 "dose 3 5-002-Eae 2 Aug. 10 4 Aug.16] 6 19 79.70 
IDDs scliads do....| 4 Aug. 5] 4 Aug. 8] 3 Aug. 12 4 Aug.15} 3 18 79. 84 
July 30} Aug. 2} 3 Aug. 6] 4 £d0: =e 2 52d0-4-6- 4 Aug.17| 5 18 80. 26 
o..-| Aug. 4] 5 redone! 2 Aug. 10] 4 Aug. 15 5 Aug.18] 3 19 80. 40 
o...| Aug. 2] 3 220 0seac12 4 Aug. 9] 3 Aug. 13 4 . -d0.. 5 19 80. 40 
July 31} Aug. 5] 5 Aug. 9| 4 Aug. 12} 3 Aug. 16 4 Aug.19} 3 19 80.75 
OAS er 6O..5.|) 6 Aug. 8] 3 s0eeh-8 4 Aug. 15 3 .-do.. 4 19 80.75 
Aug. 3| Aug. 6] 3 Aug. 10} 4 Aug. 13] 3 Aug. 16 3 Aug.20| 4 17 80. 94 
Aug. 4] Aug. 7] 3 Aug. 9| 2 edoueees 4 Aug. 17 4 Aug.21| 4 17 81.38 
o...| Aug. 6| 2 Aug. 11} 5 Aug. 15} 4 Aug. 18 3 -do.. 3 17 81.38 
Do Aug. 8} 4 Aug. 12} 4 .do....- 3 Aug. 17 2 Aug.20] 3 16 81. 23 
DOS sees do....| 4 Aug. 13] 5 Aug. 16] 3 Aug. 19 3 Aug.22| 3° | 18 81.68 
Aug. 51...do.. 3 Aug. 11| 3 Aug. 15} 4 Aug. 17 2 Aug.21} 4 16 81.29 
Average....-.. Ed ll Bone eae Say a eee a Byala lee a Ee pa Bie GM eon 4.1 | 17.7 | 80.50 


SECOND BROOD OF ADULTS. 


Extent of reproduction.—Pairs of second-brood adults were con- 
fined in arc-light globe cages to determine the number of winter eggs 
deposited per female in the bark of apple. The data in Table XVII 
were obtained in the fall of 1915, and that in Table XVIII in 1916. 
The hoppers were allowed to remain on the trees until death. The 
average number of eggs deposited per female during the two experi- 
ments was 15.5 and 16, respectively. 

Attempt to rear a third brood of nymphs.—A globe-cage experiment 
was conducted to determine whether second-brood adults would 
produce a third brood of nymphs. Ten pairs were confined on August 
7 in two cages and examined at intervals until October 1, In no case 
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did any third-brood nymphs develop, only winter eggs being depos- 
ited by the females. 


Taste XVIT.—Number of winter eggs deposited in bark of apple trees by second-brood 
adults in confinement, West Chester, Pa., 1915. 


Number Number 
Cage. Date of confinement. of pairs Date of examination. of eggs 
confined, present. 
1915 1915 
L]) S231, 70) ee 6 ed eee CC eee Galloway arses RS se 98 
2% |i COYsih Oe Oe cae eC ana i Dialer Ore mcaaecctsetita staples Siagaraye ora ae 78 
Total 2 176 


Taste XVIII.—Number of winter eggs deposited in bark of apple trees by second-brood 
adults in confinement, West Chester, Pa., 1916. 


Number Number 
Cage. Date of confinement. of pairs Date of examination, of eggs 
confined. present, 
1916. 1916 
CM AN Ey SS a GN INIOWA Pek We erecte aa coeneectse namics 104 
Mel RSep ts Gyo 4s se -56 2s cesta testa ated 9) NNOVa Shee. Sens. OSA pee eet eae: 129 
WIGS Mal sae hd hem a ee ee ee eee re Cele sae a ee ah eee Yee ee YAS 233 


Average per female.....-.--.----- | Pte a NO EEO a Nelle Aen aS 15.5 


In Table XIX the daily temperature is given for the period of seasonal activity, 1916. 


Taste XIX.—Daily maximum, minimum, and average temperature taken at West 
Chester, Pa., from July 21 to Oct. 81, 1916. 


July. August. September. October. 


Day of month, F ‘ bei r nel rf 
Maxi-| Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi-| Mini- | Aver- | Maxi-} Mini- | Aver- 
mum. |mum.| age. |mum.}mum.| age. |}|mum.|mum.]| age. |mum.|/mum.| age. 
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There are two generations of the rose leafhopper annually at West 
Chester, Pa. This insect hibernates in the egg stage, the eggs being 
deposited under the bark of the host plants. On apple stock in the 
nursery the winter eggs hatch from May 1 to May 15, and the newly 
hatched nymphs immediately attack the lower leaves of the trees. 
The feeding period of the first brood of nymphs covers approximately 
one month. The first adults of the season appear by the end of May. 
The latter feed for several weeks before mating and depositing the 
second brood of eggs in the foliage. The length of the life of the 
first-brood adults is about two months, most of them having dis~ 
appeared by the first week in August. 

The length of the mecubation period of the second-brood eggs is 
about 25 days, the first eggs hatching about July 20. Due to the 
higher temperatures, the length of the nymphal period of this brood 
is comparatively shorter than that of the spring brood of nymphs. 
Second-brood nymphs, on an average, attain the adult stage in 17 
days. By the latter part of August, practically all the nymphs 
have transformed to adults. The adults feed for about a month 
before mating, which takes place during the latter part of September. 
Females deposit the winter eggs throughout the month of October, 
soon after which they die. The last adults of the season were found 
on the trees on November 25. 


NATURAL ENEMIES. 


The most efficient enemies of the rose leafhopper are two species 
of hymenopterous egg parasites belonging to the superfamily Proc- 
totrypoidea. Thesepar asites were determined by Mr. A. A. Girault, 
of the Bureau of Entomology, as Anagrus epos Girault and Anagrus 
armatus Ashm. var. ngrwentris Girault. (See Pl. V, E.) These two 
parasites were reared from the winter eggs only, and they emerged both 
in the fall and inthe sprmg. In the fall they emerged from October 
15 to November 1, while in the spring they were reared in abundance 
about one or two weeks after the hatching of the winter eggs. 

These egg parasites are a valuable factor in reducing the destructive 
numbers of the leafhopper. At West Chester, Pa., from 65 to 70 per 
cent of the winter eggs were parasitized during 1916. Both of these 
species evidently are widely distributed, as they have been reared 
from the eggs in apple twigs from Hagerstown, Md., Winchester, 
Va., and Roswell, N. Mex. 

Adults of this leafhopper are parasitized quite heavily by a species 
of the family Dryinidae. A rose leafhopper parasitized by a dryinid 
(Pl. V, D)-is readily recognized by the distorted appearance of one 
of its wings under which the parasitic larva is noticed protruding 


TWO LEAFHOPPERS INJURIOUS TO APPLE NURSERY STOCK. 29 


from the abdomen. Numerous parasitized leafhoppers were collected 
but no adult parasites were reared successfully. 

A. Giard (24), in 1889, reported the dryinid Aphelopus melaleucus 
Dalm. and the pipunculid Ateleneura spuria Meig. as parasites of 
Typhlocyba rosae in France. 

Among the predacious enemies of this insect, mites, spiders, and 
coccinellid and syrphid larvie have been noted feeding on the nymphs 
to a limited extent. 

Wilson and Childs (27), in 1915, recorded the larva of a green lace- 
wing, Chrysopa sp., as preying on young nymphs in Oregon. The 
same authors list a dragonfly and a scatophagidfly as predacious 
enemies of adults. 

REMEDIAL MEASURES. 


The apple leafhopper, Hmpoasca mali, is one of the most difficult 
of all leafhoppers to combat successfully, especially because of the 
wide range of its food plants. In nurseries, however, this species con- 
fines its attack chiefly to the foliage of the apple, and if the hoppers can 
be reduced in sufficient numbers on this plant the danger of infesta- 
tion from other host plants will be very small. 

Little actual work has been done in dealing with the remedial 
measures to be used against this pest. One of the most frequently 
recommended methods which many writers have suggested as a 
means of controlling this leafhopper in nurseries is the use of sticky 
shields to catch the winged adults as they are jarred from the trees 
along the nursery row. The use of such a device has never proved 
satisfactory and it is impracticable when employed on a large scale. 

Spraying with contact insecticides against the apple leafhopper 
has been generally advised. Weiss (19) suggested spraying with 1 
pint of ‘‘black-leaf 40” to 100 gallons of Pyrox. But in general the 
recommendations have been so indefinite and vague that little value 
can be attached to them. In order to clear up the confusion which 
has existed in regard to the treatment for this insect, spraying experi- 
ments, based on the life-history studies, were carried out. 


SPRAYING FOR THE FIRST BROOD. 


Spraying experiments against the nymphs were conducted in the 
nursery of Hoopes Bros. & Thomas Co. at West Chester, Pa. Tests 
on asmall scale were made, the spray being applied with a compressed- 
air sprayer and an angle nozzle at a pressure of 60 pounds. Larger 
plats were sprayed with a machine owned by the nursery which 
consisted of a double-acting hand pump capable of 100 pounds pres- 
sure and a 50-gallon galvanized tank set on a truck narrow enough 
to allow it to pass between two rows of trees. ‘‘Set nozzles’’ on an | 
arrangement of pipes at the rear of this outfit were used, the nozzles 


30 BULLETIN 805, U. S. DEPARTMENT OF AGRICULTURE. 


being so placed that it was possible to spray the undersides of the 
leaves of two rows of trees from both sides. It was necessary to 
use eight nozzles on this machine and consequently the pressure was 
greatly reduced. 

Table XX indicates the results obtained with the compressed-air 
sprayer against the first-brood nymphs: 


TaBLE XX.—Spraying experiments against the first-brood nymphs of the apple leaf- 
hopper, West Chester, Pa., 1916. 


Date of | Number 
tee Spray material. Strength.| applica- | of trees panvis 
E tion. treated. F 
Per cent. 
1 | 40 per cent nicotin sulphate and fish-oil soap.....-....- mache June 12 300 99 
2-9 
2 | 40 per cent nicotin sulphate and fish-oil soap.........-.- mrs iesdome) 300 98 
2-5) J 
3 | 40 per cent nicotin sulphate............--.----.--------- 1-1,400 |...do_.--| - 300 94 
4 | 40 per cent nicotin sulphate lime-sulphur solution. ...-- 1A Eee tide. Lit 300 99 
15-5) : 
5) |) Checks vansprayed «+. ..4 5424212. eae Oe... Ae SE ra Bee [bee St eh 0 


It will be noted that good results were obtained on all plats of this 
experiment from the use of 40 per cent nicotin sulphate, though 
slightly better control was obtained when soap was added as a 
spreader. 

The hand-power outfit with “set nozzles” was used in an experi- 
ment on several thousand 2-year-old trees which were heavily in- 
fested with first-brood nymphs. 

The results are shown in Table XXIV. 


TaBLe XXI.—Spraying experiments against the first-brood nymphs of the apple leaf- 
hopper, West Chester, Pa., 1916. 


Date of | Number 


Plat 3 . : Nymphs 
Spray material. Strength.) applica- trees : 
ole tion. | treated. | Killed. 
Per cent. 
iy] 40 percent micotim Sulpiiates--2-ee ne... se eee eee 1-1,400 | June 15} ~~ 4,000 92 
Oh beach doo! RENO 2 AER «els ie ORS one 1-1, 500 |...do..... 10,000 91 
Byiiees GO. err eee  See Ee oa ne a ee ee 1-1, 600 |...do..... 4, 89 
4 | 40 per cent nicotin sulphate and fish-oil soap....-...-.-- { is '\Tane 16 13,000 97 
5|| Fish-oil soap. /./s:h) aan Teh Ne Mod | 1-8 : _..do....} 4,000 50 
6:| Kerosene emulsion! 333.05 2 eee ee ae 5 per cent!....do 4,000 45 
7] (Check, unsprayed tje. [2.0 ery ue ee a ee 2 oe eee | 2 be he a PER ee 


As will be noted, the best results in Table XXI were obtained on 
plat 4 where 40 per cent nicotin sulphate at a strength of 1-1,500 
was combined with soap. The nicotin solution when used alone 
proved a little less effective than when the soap was added to the 
mixture as shown in plats 1, 2, and 3. A potash fish-oil soap solu- 
tion at a strength of 1 pound of soap to 8 gallons of water (plat 5) 
gave poor results and was but little more valuable than a 5 per cent 
kerosene emulsion which was tried on plat 6. 


— 
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During the spray application with ‘‘set nozzles’ it was noted 
that the terminals of an occasional tree were missed by the spray. 
One reason for this was that the machine was top heavy and easily 
jolted when passing over a rough or stony place, and this resulted in 
the spray material being sent over the top of a tree. Furthermore, 
afew trees would outgrow the remainder of the trees in a row, so the 
spray material from the “‘set nozzles’’ would not reach the terminals 
of such trees. Nevertheless, sufficiently good results were obtained 
with the ‘‘set nozzles” to warrant their use. 


TREATMENT FOR THE SECOND BROOD. 


An attempt was made to destroy the second-brood nymphs by 
spraying and dipping upon trees which had received no treatment 
against the first brood. On the date of this experiment, July 18, the 
terminal leaves were so badly curled that the nymphs were well pro- 
tected from the action of the spray. Four plats of about 700 trees 
were sprayed with a compressed-air sprayer, using 40 per cent 
nicotin sulphate at various strengths from 1-800 to 1—-1,500 with soap 
added. The counts showed that only 2 per cent of the nymphs were 
killed on the best plats. 

The dipping work was done with large shallow pans specially con- 
structed for dipping leafhoppers and aphids on young nursery trees. 

-The tops of the trees were thoroughly immersed in the pans of spray 
material. The same number of plats and the same insecticides that 
were used in the spray treatment above were tried in the dipping 
experiments. The results obtained by dipping were about the same 
as the spraying results, less than 2 per cent of the nymphs being 
killed. 

Since such poor results were secured from spraying experiments 
against the second brood no effort was made to spray the third-brood 
nymphs, for at the time of the presence of the latter on unsprayed 
trees the terminals are even further curled and inaccessible to a 
spray liquid. 


METHODS AND TIME OF APPLICATION. 


Attempts to control the winged adults of leafhoppers by spraying 
have always proved futile because of the agility of movement of the 
full-grown insects and because of their immunity to the action of a 
spray liquid at this stage. This has been demonstrated by previous 
investigators in the case of the apple leafhopper as well as in the case 
of other leafhoppers of economic importance. 

A spray treatment to be effective must be applied when the insects 
are in the nymphal stages. The proper time to spray against the 
apple leafhopper is at the time when a large number of the first-brood 
nymphs have attained the third stage of development. For the 
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seasons of 1915 and 1916 at West Chester, Pa., this date was between 
June 10 and June 20. It is not safe to delay the application until 
the end of the nymphal period, since by that time the insects will 
have produced sufficient injury to cause the tender terminal leaves 
to curl, and the result is that the nymphs on the curled leaves will be 
protected against the spray. 

‘The nymphs feed on the undersides of the terminal leaves during 
the entire nymphal period, so the spray material must be directed in 
such a manner as to wet the underside of the leaves thoroughly. 
Special care must be taken to see that the foliage of the upper half 
of the trees and especially the terminals are well sprayed. If a 
machine with ‘‘set nozzles’? is used, the lower nozzles should be 
placed at an angle that will insure a thorough spraying of the lower 
surfaces of the leaves. 


TREATMENT FOR THE ROSE LEAFHOPPER. 


The injury caused by the rose leafhopper on nursery apple trees 
is seldom serious enough to warrant a special spray application. 
This species confines its attack to the undersides of the leaves of the 
lower half of the trees and the injury is characterized by mottled 
white or yellowish spots on the foliage. As a result of continued 
feeding some defoliation takes place which reduces the vitality of 
the trees slightly. 

Whenever necessary, this‘species can be controlled by one spray 
application of a tobacco insecticide against the first-brood nymphs. 
A spraying of } pint of 40 per cent nicotin sulphate to each 50 gallons 
of water with the addition of 2 pounds of soap, made at the time 
when the maximum number of nymphs are present on the foliage, 
will give satisfactory results. The most effective time to make this 
application is when the greatest number of nymphs have reached the 
third stage, which is three to four weeks earlier than the date for 
the spraying against the first-brood nymphs of the apple leafhopper. 
For southeastern Pennsylvania the correct time for spraying the 
rose leafhopper during the seasons of 1915 and 1916 was from May 
15 to May 25. 


RECOMMENDATIONS. 


The apple leafhopper can be controlled by spraying against the 
first-brood nymphs with a tobacco insecticide. A 40-per cent nicotin 
sulphate solution at the rate of 1-1,500 to which 2 pounds of soap is 
added to each 50 gallons will so reduce their numbers that injury to 
the growth of the trees by the later broods will not be serious. When 
it is desirable to use lime-sulphur solution with the tobaccoinsecticide, 
soap must be omitted to prevent burning. The spray should be 
directed upward so as to wet the underside of the leaves, and par- 
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ticular attention should be paid to wetting every terminal leaf thor- 
oughly. The application should be made when the majority of the 
nymphs are in the third stage, which occurs about three weeks after 
the first nymphs are found in the terminal leaves. 

The rose leafhopper is far less injurious to the foliage of nursery 
apple stock than the appleleafhopper. Should the infestation by rose 
leafhoppers be heavy enough to justify spraying, the same remedial 
treatment recommended for the apple leafhopper can be used, except 
that the application should be made three or four weeks earlier than 
the one for the latter insect. 


SUMMARY. 


The apple leafhopper, Empoasca mali, causes serious injury to apple 
nursery stock by extracting the plant juices from the terminal 
leaves; as a consequence the leaves curl, become undersized, and fail 
to function normally, thereby retarding the growth of the trees. 
The injury is produced by the feeding of both nymphs and adults. 
In southern Pennsylvania this species is three-brooded and _hiber- 
nates only in the adult stage. Eggs are laid within the leaf tissue on 
the underside of the leaves. This leafhopper is widely distributed 
over the United States and attacks a great variety of host plants. 

In literature the above species has been confused with another 
leafhopper which attacks the foliage of nursery apple trees, namely, 
the rose leafhopper, Empoa rosae. The latter insect is two-brooded 
and winter is passed in the egg stage. Winter eggs are deposited 
under the bark of apple trees. These eggs hatch about a month 
earlier in the spring than eggs deposited by overwintered females 
of the former species. 

The rose leafhopper may be distinguished from the apple leaf- 
hopper by its lighter color and by the absence of the six or eight 
white spots present on the frontal margin of the pronotum of the 
latter species. Differentiation between the nymphs of the two 
species is more difficult. The distinct types of injury produced by 
the two insects, however, is a ready means of distinguishing them. 
The rose leafhopper feeds on the lower leaves and produces white or 
yeliow spots on them while the other species attacks the terminal 
leaves, curls them, and stunts the growth of the trees. 

Parasites seem to play a far more important réle in reducing the 
numbers of the rose leafhopper than they do in reducing the numbers 
of the more injurious apple leafhopper. Larve of dryinid parasites 
are quite common on the adults of the former while only rarely have 
they been found attacking the latter. Anagrus epos Girault and 
Anagrus armatus Ashm. var. nigriveniris Girault, parasites of the win- 
ter egg of the rose leafhopper, help considerably in checking the num- 
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bers of this species. No parasites have been reared from eggs of the © 
apple leafhopper. 

A single spraying with 40 per cent nicotin sulphate at the rate of 
1-—1,500 combined with soap will so materially check an infestation by 
the apple leafhopper when applied against the first-brood nymphs 
that injury caused later by those that escape will be of little conse- 
quence. The same treatment made three or four weeks earlier is 
effective against the rose leafhopper, though this species is seldom 
injurious enough to justify a special application. 
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RELATIVE IMPORTANCE AND EXTENT OF THE PEACH INDUSTRY. 


The peach, though far below the apple,! which greatly exceeds any 
other fruit in both acreage and crop value, is second with respect to 
these two standards of comparison. This is shown clearly in figure 1, 
which is based on the Thirteenth Census. While the last decade has 
witnessed some changes, it is doubtful whether those changes have 
affected materially the relative positions of the more important 
fruits. Nectarines are grouped with peaches in figure 1, but the 
total production of nectarines is so small as to be a negligible factor. 

The geographical distribution of peach trees is shown in figures 2 
and 3, both of which are based on the Thirteenth Census. The census 


1See Gould, H. P., and Andrews, Frank, ‘‘ Apples: Production Estimates and Important 
Commercial Districts and Varieties,” Bul. 485, Dept. of Agr. 48 pp., 16 figs. 1917. This 
bulletin is obtained only from the Superintendent of Documents, Government Printing 
Office, at a cost of 10 cents. 
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data, which show the distribution on a tree basis, are reduced in these 
maps to an acre basis for convenience of expression. As in figure 1, 
nectarines, which are grouped with peaches, are of such small impor- 
tance as to be without substantial effect on the peach data. 


ESTIMATED PRODUCTION OF PEACHES. 


The estimates of the annual production of peaches for the years 
1900 to 1919, inclusive, appear in Table I. 

The estimates for the years 1900 to 1908 are based on the census re- 
port for the crop of 1899, while for the years 1910 to 1919, inclusive, 
they are based on the census figures for the crop of 1909. 

The variation in the size of the peach crop from year to year is 
shown in figure 4. While all census data as well as estimates based 


APPLES 
§ PEACHES & NECTARINES 
GRAPES 
STRAWBERRIES 
ORANGES 
PLUMS & PRUNES 


PEARS 
CHERRIES 3 
BRASPBERRIES & LOGANBERRIES HS 
& BLACKBERRIES & DEWBERRIES & 
LEMONS 
APRICOTS 
POMELOS 
CRANBERRIES 


ig. 1.—Diagram showing the relative importance, acreage, and crop yalues of the 
principal fruits of the United States for the year 1909, based on the report of the 
Thirteenth Census. (rom the Yearbook of the Department of Agriculture for 1915.) 


on those data are expressed in terms of the total crop, including both 
home consumption and the commercial crop, the annual variation in- 
dicated suggests also the fluctuating character of that portion of the 
crop which enters into commerce. 

Climatic conditions doubtless are the most potent causes of large 
annual variation in the size of the crop. Most important of these 
are adverse winter temperatures and the occurrence of spring frosts 
during the blossoming period. In addition, warm periods during the 
winter often cause the fruit buds to start enough to become tender. 
In this condition they are likely to be Killed later, even by tempera- 
tures that are not unseasonable. On the other hand, the effect of a 
frost during the blossoming period is not always in proportion to its 
severity, but depends to some extent upon the strength and vigor of 
the blossoms themselves. 
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PEACHES AND NECTARINES cacy pot REPRESENTS 


(TREES OF BEARING AGE) 600 ACRES 
APPROXIMATE ACREAGE, 1910 


ACTUAL AREA COVERED BY THE 
DOT 18 60 TIMES AS GREAT AS 
THE CROP AREA IT REPRESENTS 


Fic. 2.—Map of the United States, showing the distribution and approximate acreage of 
peach trees of bearing age, based on the Thirteenth Census. Each dot represents 500 
acres, The solid black areas indicate relatively great density of planting. (From the 
Yearbook of the Department of Agriculture for 1915.) 


CTREEB NOT OF BEARING AGE) 500 ACRES 
APPROXIMATE ACREAGE, 1909 


ACTUAL AREA COVERED BY THE 
DOT iS 60 TIMES AS GREAT AB 
THE CROP AREA IT REPRESENTS 


Fic. 3.—Map of the United States, showing the distribution and approximate acreage of 
peach trees of nonbearing age, based on the Thirteenth Census: Each dot represents 
500 acres. (From the Yearbook of the Department of Agriculture for 1915.) 


4 BULLETIN 806, U. S. DEPARTMENT OF AGRICULTURE. 


Taste I.—Hstimated production of peaches in the United States for the 21-year 
period, 1899 to 1919, inclusive. 
[Data in thousands of bushels (000 omitted). 


The figures for other years are interpretations of the percentage estimates by | the Bureau of Crop Esti: 
mates, the Census figures being used as a basis.] 


The figures for the years 1899 and 1909 are Census estimates. 


f 1899 
Group and State. Can 1900 | 1901 1902 | 1903 1904 | 1905 | 1906 | 1907 | 1908 
sus 
North Atlantic States: 

EMA SAS ee Hs Se onae 2 2 2 2 2 2 2, 2 2 2 
New Hampshire.......-..- 6 3 8 50 20 40 35 30 20 45 
Wermlomintaeeascette eae il 1 1 1 1 1 1 1 1 1 
Massachusetts....--------- 28 140 100 150 35 70 120 90 25 100 
Rhode Island.........--.-- 6 8 13 14 2 5 12 13 5 12 
Connecticutss8-212925-2 22 62 140 280 230 50 110 | =240 200 50 220 
New Morkivete. Uso scoce 467 | 1,500 Bj 550 670 675 | 1,650 920 400 | 1,470 
New Jersey......---------- 621 | 1,900 | 1,200 | 1,300 350 700 | 1,000 } 1,000 450 800 

- Pennsylvania.....----.--- 143 |°1,400 } 1,700 | 1,350 900 700 | 1,500 | 1,000 600} 1,500 

Motel”. sks | ge nvel: 1,336 | 5,121 | 4,154 | 3,647 | 2,030 | 2,303 | 4,560 | 3,256 | 1,553 | 4,150 

South Atlantic States: 
Delaware......----- z 10 250 170 185 45 135 15 100 35 100 
Maryland........----------| 172 | 1,900] 1,300] 1,140] 600] 950] 600} 850) 250 750 
Wiareimial se ce ccmccict ee en = 357 | 1,900 | 1,350 850 800 850 950 800 300 900 
West Virginia...-...------ 18 760 800 250 130 700 330 500 150 650 
North Carclina......------ 374 | 1,550 | 1,150 | 1,050 | 1,100 | 1,350 | 1,200 | 1,100 550} 1,400 
WSonthi@aralinaess). eres 129} 300] 650] 600] 750] 700) 650{ 700} 170] 1,100 
Georgia.........---.--.----| 260 | 5,000 | 3,340 | 3,370 | 2,100 | 5,000 | 3,025 | 3,720 | 1,125} 5,020 
MMV OTIC ase ae Posie. cee es 92 190 160 199 110 180 14 150 80 160 
FRO GEDA se sre tae areas nn tere 1,412 |12, 260 | 8,920 | 7,635 | 5,685 | 9,865 | 6,910 } 7,920 | 2,660 | 10,080 
North-Central States east of 
the ee ees River: 
OliuOs Gadesousovescueossss 241 | 1,900 | 3,890 | 1,100 } 1,050 | 1,900 | 2,000 } 1,100 680 | 2,050 
Tae BA Ae ise cin 69 900 | 1,600 180 400 630 | 1,000 820 450 1,190 
Tllingise sears eee es ---| 671 1,600] 2,100} 300] 459] 700! 750] 2,150] 770| 1,750 
NGGneH Qos sososeneooe: 340 | 27200 | 2) 250 | 2,200 | 1,500 | 1,000 | 2,450] 1,400] 700} 1,800 
Ai Sisco) oki eames ee I Gs Daan eae RA merc Alor IBIS cB a a|iS.an No ais ae Meese tes ae as 
Li Sos fa F leemss snnees GON Ae ee 717 | 6, 600° 9,750 | 3,780 | 3,400 } 4,230 | 6,200 | 5,470 | 2,600} 6,790 
North-Central States west of 
the Mississippi River: 
Minnesota. oe 2c) scee slice Ss) fan 3 Ball fa eda a 2 Aes ae Sp Pe re eras jane eres = [im ade oe 
OWS oss sence sea aie 5 190 180. 50 180 70 30 300 100 170 
MASS ont Sean N Eats Seat er 61 | 2,250 | 2,700 | 1,200 859 | 2,500 650 | 4,000 500} 2,200 
North Dakota eee a ee ee Se | eo Sates Perel = vera atl evael sta als lle latelarare | aerate See yeter ts | sees ea eee 
South Dakotar. cae eRe as Gee al Sehr | ea eae ot Si a Reap a etn i mt ee af cncte eae | Pe 1A a 
Nebraska. of. 002 Sean ens 9 80 120 60. 30 200 30 180 170 159 
SANS ASUs on cise ear eee 188 650 700 350 250 650 180 950 20 650 
Totale 2 oc ks sae 213 | 3,170 | 3,700 | 1,660 | 1,310 } 3, 420 890 | 5,430 800 | 3,170 
South-Central States: 
Kentickypeeecrens cose et 35 | 2,100 | 2,500 500 650 | 1,700 | 1,570 | 1,700 550 | 1,679 
Mennesseetecse es oe ke 73 | 1,900 | 1,800] 1,100} 900] 1,450] - 670] 2,400} 450] 1,700 
Ma bam o scene sees ae 185 | 2,300 | 1,850 } 1,850 | 1, 250 | 2,600 870 | 2,100 §50 | 2,150 
Mississippi.c:......---.--- 252 | 2,300 | 1,700 | 1,650 | 1,150 | 2,100] 900] 1,500} 600] 1,650 
Mewislanaee ce seee eae 154 520 410 450 300 560 480 450 250 510 
Mexaswici oc sca lem ene 1,400 | 2,900 | 1,560 | 2,200 | 1,600 | 1,850 | 2,600 | 1,900 | 1,700} 2,300 
Chiahonra ere eee 305 780 710 | 1,000 700 500 740 | 1,200 800 83) 
PAT arisas isan ga uae 334 | 1,600 | 1,550 | 2,200; 500 | 2,500 | 2,200 | 2,300 | 2,400] 2,700 
Mota ee i as oe 2,743 |14, 400 |12, 080 {10 950 7,050 13, 260 |10, 030 |13, eens 7,400 | 13,510 
Far Western States 
Montana oo 2202 scp ee ee sr all onic) ere yet fetesrenc a evel ya sre elf rere eyes ease pee renee a a 
Wyoming J saa ccia8 sso Saisie sieberiana ee eget Pa et VF came 
Colorado ee ee ee a 47 180 250 390 359 580 150 890 40 360 
New Menico.....---------- 76 130 80 130 90 80 100 120 1¢ 100 
PA TIZOMAz cae nin ctteiale es secce siete 38 36 39 44 50 23 46 32 39 48 
ita eee as oe lel he ie 35 230 220 190 220 250 160 260 90 190 
INGVAd ae soce ores e sees c ae 3 1 6 5 5 4 3 6 4 2 
Edahowsh gaowadensa sees 18 100 30 60 60 90 40 60 50 80 
Washington.........--.--- 81 190 200 170 210 250 190 200 240 270 
Oregons soa a 101 240 180 240 240 290 220 190 250 250 
California.......-2-------- 2,563 | 6,750 | 6,836 | 8,930 | 8,150 | 6,425 | 7,135 | 6,810 | 6,900} 9, 146 
MOtAR Sree ni. eee 9,012 | 7,857 | 7,841 |10, 159 | 9,375 | 7,992 | 8,044 | 8,478 | 7,614 | 10, 446 
United States Coe : 
potal\ecc eu eee ae 15,433 |49, 438 |46, 445 [37,831 |28, 850 |41,070 |36,634 |44, 164 |22, 527 | 48, 146 
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TABLE I.—Estimated production of peaches in the United States for the 21-year 
period, 1899 to 1919, inclusive—Continued. 


1909 
Group and State. (Cen-'| 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 


sus). 
North Atlantic States: 
1 ay ee UM rater ha! -) ates | weap oe | etctearame taal tala awiata| eleva lai rain! eiove ete eis)| eT sa Isa iene call tare rotate 
New Hampshire. . . 23 GS | eine jee | ee feratet 44 3 58 24 46°15 ek 43 
VET EIOUG cletiens << -'= Ca eae acti | rat octet | otatetetetere | etatetote a1 <\stermiaiatel| areas! tte | inerateinie =| simpereintadotetaistemMalnis ot abo 
Massachusetts. ..-. 92 68 97 51 105 31 152 66 144 fe ereae 136 
Rhode Island... ... 18 18 22 16 29 14 29 eet) aa age Tate distor baad, 
Connecticut..-.---. 270 291 249 128 263 142 335 134 BVO 3). Sore ab 186 
New York.......-- 1,736 | 1,762 | 1,536 | 1,400} 1,742] 530] 2,106 | 1,238] 4,823 | 700] 1,648 
New Jersey. ..----- 441 810 440 638 483 | 1,140 | 1,275 689 200) 832 818 
Pennsylvania...... 1,024 | 1,533 | 1,096 | 660] 922] 1,541 | 2,044] 1,069] 1,848 | 720] 1,046 
Wotaliacsiecdseccie 3, 608 [4 4,538 | 3,440 | 2,893 | 3,588 | 3,401 | 5,999 | 3,234 | 8,241 | 2,252 | 3,877 
South Atlantic States: | 
Delaware.....-.---- 17 810 249 521 312 608 842 346 324 136 277 
Maryland. oe Sekt 325 | 1,080 492 672 480 | 1,032 | 1,248 600 | 1,038 235 731 
VAEEINID <:a:s0cic enone 243 | 1,075 318 | 1,058 312 911 | 1,358 660 928, 510 928 
Wet Viena... 329 598 3 788 132 886 | 1,164 520 900 680 928 
North Carolina... -- 1,344 | 1,955 437 | 2,093 598 | 1,863 | 1,955 897 | 1,978 | 1,150 713 
South Carolina... - 643 | 1,204 649 | 1,020 405 | 1,166 864 545 | 1,030 998 466 
Georgia. J....i..-.. 2,555 | 5,395 | 2,145 | 6,175 | 1,950 | 5,785 | 5,330 | 3,510 | 3,668 | 6,092 | 5,895 
Wloridasece<sk a. - 115 178 126 190 112 188 177 LAS) bees ee Fillets wcjimrs (ers aioe 
MOTHS fo oooh dices 5,571 12, 295 | 4,646 112,517 | 4,301 |12, 439 |12, 938 7,197 | 9,866 | 9,801 9,938 
North-Central States 
east of the Missis- 
sippi River: 
Onipweec ccs esas 1,036 | 1,239 
Indiana.......-.---| 1,174 703 
Ligh Gee Sasa seeee 1, 223 140 
Michigan.-......... 1,687 | 1,215 
WHSCORSINS5eeeecsf Loge 
Potaleg-(2- «= cist 5,121 | 3,297 
North-Central States 
west of the Missis- 
sippi River: 
Minnesota.....--.- iil rerateterete 
TOWS.< 5 suese sheen 23 16 
MISSOUTIS.. = 222<-- - 1,485 | 1,440 
North Dakotasceea eee es Petes 
South Dakota. ----]....-.. [ee eo 
Nebraska. ....--... 110 150 
Kansas. 2.-..------ 25 | 2,432 
Motalotewssas. cot 1,544 | 4,038 
South-Central States: 
Kentucky--....-..- 1, 623 770 
Mennessee:_.22 5<-.- 1 579 | 1,440 
Alabama. .-2-.-.. 1 417 | 1,980 
MississippL...-.---| 1,157 | 1,340 
Gouisiana. 52-293 924 291 488 
OXAS Scie lata cia ceaielsr= 730 | 3,400 
Oklahoma........- 358 | 1,460 
Arkansas.......... 1,902 | 2,000 
Mates: fer ve 9,057 |12, 878 
Far Western States: 
.—. Montana, 
An VACHE oe Coed Weceood|aooc ced aononncl|sineser|lcmooed|sedacbrlacuusselocuelson|e ss6454)-bogucceecos-— 
Colorado. 
New Mexico 
Arizona...... 
iba toss. 2322. 
Nevadateie. oo...) 
Idaho.........- 
Washington 
Oregon.......-..-- 


93 
9, 768 11, 733 }15, 704 12,959 | 17,625 


otal oon sss 11,663 | 8,760 |12,960 |12, 011 |13, 035 |20, 540 |15,721 | 22,784 


Meta | a a SI eee Cl eT tt 
(grand total) . .|35, 470 |48, 171 {34, 880 |52, 343 [39,707 |54, 109 |64, 097 |37, 505 [48,765 [34,133 | 50,446 
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There is rarely a season in which the crop is not materially re- 
duced in some of the important peach-producing regions by the oc- 
currence of adverse conditions of some kind, the effect upon the total 
crop of the country depending obviously upon the importance of the 
regions affected and the severity of the conditions. On the other 
hand, occasional seasons occur when conditions are favorable in all or 
nearly all of the important commercial districts, and the result is an 
extremely large crop, as in 1915, and correspondingly low prices for 
much of the fruit. 

The principal regions from which peaches were shipped in the 
fresh state in 1914 are presented on the map shown as figure 3 in De- 
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Fig. 4.—Diagram showing the annual farm production of peaches (in bushels) in the 
United States for the 19-year period frem 1899 to 1917, inclusive. The farm pro- 
duction in 1918 was 34,000,000 bushels ; in 1919 (September estimates), 50,000,009 
bushels. The commercial crop, in distinction from the farm production, for each 
of the past three years was as follows: In 1917, 29,000,000 bushels; in 1918, 21,- 
000,000 bushels; in 1919 (September estimates), 29,000,000 bushels. i 


partment Bulletin No, 298, entitled “ Peach Supply and Distribution 
in 1914.” On this map the number of carloads from each region and 
the general period during which the fruit from different regions was 
being shipped are shown. 

The peach season in each State and its relation in point of time 
to that of other States is clearly shown in figure 5. The height of 
the peach season in each State named in figure 5, with the exception 
of Florida and California, is during the Elberta period, that variety 
comprising a large proportion of the commercial crop in most States. 
In some regions it is practically the only variety shipped in quantity. 

The estimated average annual peach production by States for the 
5-year period, 1912 to 1916, inclusive, is shown in figure 6. It will 
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be noted that the production of “ all other States” is 275,000 bushels 
and that the combined production of the five States named accounts 
for all except 4,000 bushels of that quantity. 
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Diagram showing the peach-shipping season in each of the principal peach- 
producing States. (From Department Bulletin 298.) 


The estimates on which the averages given in figure 6 are based 
represent the total crop rather than the commercial portion. This is 
illustrated in the estimates given for New York, in which there are 
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large commercial interests, and in Kansas, in which the commercial 
interests are almost negligible. Assuming that these estimates are 
accurately proportioned, the large number of small home orchards in 
| Kansas possessed in the aggregate during the 5-year period repre- 
i sented in figure 6 a larger producing capacity than the commercial 
orchards in New York. Other similar examples might be pointed out. 

The shipment of fresh fruit in 1914 from the principal peach- 
producing States is shown graphically in figure 7. This diagram, 
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Fic. 6.—Diagram showing the estimated annual average production of peaches in the 
principal peach-producing States, for the 5-year period from 1912 to 1916, inclusive. 
The production of five of the States not separately shown in the diagram, but in- 
cluded under “‘ All other,” was as follows: New Mexico, 87,000; Massachusetts, 81,000; 
Arizona, 57,000; New Hampshire, 26,000; Rhode Island, 20,000. 


however, does not show the relative commercial interests so far as 
California is concerned (see Table I and figure 6 for relative total 
production), since a large proportion of the crop in that State is 
used for drying and canning, and hence is not reported in fresh-fruit 
shipments. Furthermore, the shipments shown in figure 7 are for a 
single season, and the relative position of many of the States might 
be markedly different in other seasons, depending largely on the occur- 
rence in different regions of climatic and other conditions that are 
favorable or otherwise to the peach crop. 
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OUTSTANDING FEATURES OF THE PEACH INDUSTRY. 


A few features of the peach industry need special mention in the 
present connection. From the variety standpoint, the preponder- 
ance of the Elberta in most of the producing centers and the selec- 
tion of special varieties for drying and for canning in California are 
of interest. 

The gradual change from decade to decade in the geography of 
peach growing may also be noted. In certain regions where 20 
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Wie. 7.—Relative bulk of peach shipments in car lots from the principal peach-producing 
States in 1914. (From Department Bulletin 298.) 


years ago there was a commercial orchard on nearly every farm, 
few peaches, or even none, are grown for shipping at the present 
time. In one or two other regions large quantities of peaches have 
been produced in recent years on trees interplanted in apple orchards. 
As the apple trees developed and required more space the peach 
trees have been removed. Thus the production of peaches is de- 
creasing in these regions, and in the near future the industry doubt- 
less will disappear. Such changes have characterized the peach 
industry in a marked degree. 

139075°—Bull. 806—19——2 
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IMPORTANT COMMERCIAL DISTRICTS AND VARIETIES, 
BY STATES. 
NEW ENGLAND STATES. 


MAINE. 


Distribution.—lt is substantially true that peaches are not grown 
in Maine. This is primarily on account of the low winter tempera- 
tures that normally occur. The shortness of the growing season is 
also a factor. 

A very few small orchards have been planted in York County, in 
the southern part of the State, one at least i Lincoln County, and 
an occasional tree or two may be found in some parts of Cumberland, 
Oxford, and possibly other counties. ‘The crop, however, is very 
uncertain. 

Varieties—There is no generally recognized list of varieties for 
this part of the country. The Triumph, Greensboro, Carman, Cham- 
pion, Belle, Crosby, and possibly others have been planted. The 
New York Agricultural Experiment Station m Circular 15 (revised) 
names the Crosby, Chili, Elberta, Gold Drop, and Stevens as the 
five varieties most hardy in wood of those grown in New York. 
Four of these varieties, with the Triumph substituted for Elberta, 
are also given ac the hardiest in bud. While hardiness in tree and 
bud is an essential characteristic of a variety for the northern ex- 
tremes of culture, some of the best experience available indicates 
that varieties later than the Belle are not likely to mature in the 
average season, and even varieties ripening with the Belle may some- 
times fail to mature because of the shortness of the season. 


NEW HAMPSHIRE, 


Distribution.—Small commercial peach interests have been de- 
veloped in a few localities in the southern and southeastern parts of 
New Hampshire. These interests center largely about Wilton in Hills- 
borough County, about Derry in the southern part of Rockingham 
County, and about Stratham and Greenland in the eastern part of 
that county. A few trees are more or less widely distributed in other 
sections of the southern part of the State, but mostly in gardens and 
small home plantings. 4 

Varietics—The varieties most commonly planted are the Greens- 
boro, Carman, Mountain Rose, Champion, Early Crawford, Foster, 
Belle, Elberta, Late Crawford, and Crosby. 


VERMONT. 


Distribution Peaches are not planted commercially m Vermont. 
A few trees may be found in the southeastern part of Windham 
County about Brattleboro, and an occasional tree is growing in other 
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parts of that county, as weil as about Isle La Motte in Grand Isle 
County. This location is on an island in Lake Champlain. 

Varieties —No definite suggestions concerning varieties are offered 
aside from the obvious fact that only the hardiest sorts should be 
selected,' and even these are likely to prove very uncertain as to crop 
production. 

MASSACHUSETTS, 


Distribution.—Peaches are somewhat avidely distributed in Massa- 
chusetts, except perhaps in the western part of the State. The prin- 
cipal areas of commercial production are within the more important 
apple-growing districts. However, not many peaches are shipped 
long distances even from the larger orchards, local markets absorb- 
ing most of the fruit. The principal localities which admit of 
definite designation as peach-producing centers are enumerated below. 

The largest production is probably in the central part of the State in 
Worcester County, Warren in the southwestern part of the county, 
Grafton in the southeastern, and Bolton in the east-central part being 
community centers of some prominence. The Bolton section is 
practically a part of the Littleton and Marlboro sections in the 
western part of Middlesex County, in which peaches are locally im- 
portant. They are also grown more or less at other points in this 
county and in Essex County, the northeasternmost county of the 
State, centering in a general way in the locality of Haverhill and 
West Newbury. Small orchards of local importance are found at 
various points in all the other counties in the eastern and south- 
eastern parts of the State. Farther west, Wilbraham in Hampden 
County and Amherst in Hampshire County, with various other local 
points, may also be included in the present inventory of small pro- 
ducing centers. In some sections peaches were formerly interplanted 
in apple orchards, but such peach interests have now largely gone 
out as the apple trees have developed. 

Varieties—The Greensboro, Carman, Champion, Belle, and EI- 
berta constitute the principal sorts grown. 


RHODE ISLAND, 


Distribution.—There are no special centers of peach production 
in Rhode Island, but orchards planted for commercial purposes occur 
more or less widely throughout the State, the larger orchards occur- 
ring in Newport, Providence, Washington, and Bristol Counties, in 
the order named. 


i Concerning the relative hardiness of varieties, the New York Agricultural Experiment 
Station (Circular 15, revised) states that the five varieties of peaches most hardy in 
wood are the Crosby, Chili, Stevens, Gold Drop, and Elberta. The Crawfords are con- 
sidered most tender in wood. The five varieties of peaches most hardy in bud are the 
Crosby, Chili, Triumph, Gold Drop, and Stevens. The five most tender in bud are the 
Barly Crawford, Late Crawford, Chairs, Reeves, and Hiberta. 
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Varieties —The varieties grown are substantially the same as those 
planted in Connecticut and Massachusetts. 


CONNECTICUT. 


Distribution.—Peach growing is more or less widely distributed 
in most parts of Connecticut, except in Litchfield County, in the 
extreme northwestern part of the State, where few peaches are 
grown. The district of particular importance commercially, how- 
ever, is the central part of the State, in the Connecticut River valley 
from about the region of Hartford southward and including areas 
in most parts of New Haven County. Representative towns in this 
district may be named, as follows: Farmington, Glastonbury, and 
Southington, in Hartford County; Durham and Middlefield, in Mid- 
dlesex County; Cheshire, Guilford, Milford, Oxford, and Walling- 
ford, in New Haven County; and Greenwich, Norwalk, and other 
towns in the southern part of Fairfield County adjacent to the shore 
of Long Island Sound. In New Haven County the towns of Guil- 
ford and Milford, above named, adjoin the Sound. Peaches are also 
grown more or less in other towns similarly located between Green- 
wich and Guilford. 

Varieties Many growers in Connecticut select varieties with a 
view to marketing peaches during as long a period as possible. The 
principal sorts planted are the Greensboro, Waddell, Carman, Hiley, 
Champion, Belle, Early Crawford, Hale (J. H.), Elberta, Frances, 
Stump, Late Crawford, Fox, Stevens, Iron Mountain, and Salwey. 


MIDDLE ATLANTIC STATES. 


NEW YORE, 


Distribution—Though New York is one of the large peach- 
producing States, the districts in which the principal interests are 
-located are more clearly defined than in many other States. By far 
the largest output is from the Lake Ontario shore district from 
Oswego County westward to and including Niagara County. This 
district consists at most points of a narrow strip only a few miles 
wide, where the influence of the lake so modifies the climatic con- 
ditions at certain periods as to make them especially favorable for 
peach growing. . At a few points this favored belt extends into the 
northern parts of the second tier of counties, as, for instance, in 
Livingston County, in which some peaches are produced. This is 
by far the largest commercial peach district in the State. Another 
district is that immediately surrounding the “finger lakes,” in 
central-western New York, where at various points peaches are grown 
in limited quantities. A third district of some importance is in the 
Hudson River valley and comprises locations along the river in 
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Orange County and in the southern parts of Dutchess and Ulster 
Counties. Small quantities of peaches are also grown along the Lake 
Erie shore, in Erie and Chautauqua Counties, but the interests there, 
as in many other sections where home orchards occur, are relatively 
unimportant as compared with those along the shore of Lake 
Ontario. 

Varieties —The Carman, Champion, Belle, Early Crawford, El- 
berta, Late Crawford,. Stevens, and Salwey are the principal varie- 
ties grown. A very large proportion of the product consists of the 
Elberta variety, it being estimated to comprise 80 per cent of the crop 
in some localities. There is no close second to the Elberta variety in 
the peach industry of the State. 


NEW JERSEY, 


Disiribution—Peach growing has long been a prominent com- 
mercial enterprise in New Jersey. Orchards are widely distributed 
in most parts of the State, but the commercial interests are more or 
less localized about certain centers. The centers of principal produc- 
tion have changed to some extent because of the incursions of peach 
yellows, the ravages cf the San Jose scale, and for other reasons, but 
at present the larger regions commercially important are the follow- 
ing: Hunterdon County, in the locality of Lebanon and New German- 
town; Monmouth County, about Freehold and Middletown; Burling- 
_ ton County, centering about Moorestown and Burlington; Gloucester 
County, about Glassboro; Atlantic County, in the vicinity of Ham- 
monton; and Cumberland County, with Vineland as a prominent cen- 
ter of production. Except Hunterdon and Monmouth, the counties 
named above are located in the southern half of the State. -While 
peaches are widely grown outside the centers mentioned, the counties 
named indicate the general distribution of the larger interests. 

Varieties —The principal varieties planted at present comprise the 
following: Greensboro, Arp, Carman, Lola, St. John, Hiley, Cham- 
pion, Belle, Elberta, Frances, Fox, Iron Mountain, and Krummel. 
While few orchards, and perhaps none, contain all of these varieties, 
the list is made up of those which are variously planted in the prin- 
cipal peach sections. In an earlier day the Mountain Rose, Early 
Crawford, and Reeves were leading commercial sorts, but these are 
of relatively little importance in New Jersey at the present time. 


PENNSYLVANIA, 


Distribution.—Peaches are widely distributed in most parts of 
Pennsylvania, and the large number of good-sized industrial towns 
and cities in that State furnish local markets for much fruit. Though 
from many orchards the fruit is shipped in car lots to distant mar- 
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kets, the community interests as a rule are comparatively small, 
except in a few districts, Probably the most important producing 
section at present is the southeastern quarter of Franklin County, in 
which are located several rather large shipping points. This forms a 
part of the Cumberland Valley—a district which, as a whole, hag 
produced many peaches in the past and doubtless is still the most im- 
portant peach district in the State. Besides Franklin County, Cum- 
berland, Perry, and Juniata Counties belong in this valley district. 
Adams and York Counties, located between Franklin and Cumberland 
Counties and the Susquehanna River, also contain peach orchards of 
commercial rating; likewise Northampton and Lehigh Counties, in the 
east-central part of the State. A third district of considerable im- 
portance is the lake shore region of Erie County, in the extreme 
northwestern part of the State. 

Varieties—Carman, Champion, Belle, Ede, Elberta, Fox, Late 
Crawford, Chairs, Iron Mountain, Geary, Smock, and Salwey are the 
principal varieties. Few, if any, orchards contain all of these varie- 
ties, though the growers, especially those in the Cumberland Valley 
and adjacent sections, usually aim to plant a considerable number of 
varieties, with a view to shipping continuously over a long period. 


EAST NORTH-CENTRAL STATES. 


BrP. 


Distribution.—Peach growing for home use is more or less uni- 


versal throughout Ohio, but the areas of commercial production are 
fairly definite. In its commercial aspects, Ottawa County, with its 
peninsulas and adjacent islands bordering Lake Erie near its western 
extremity, is far in the lead of any other county; but in this same 
general lake-shore district there are several other peach-growing 
counties, including Lucas, Sandusky, Lorain, Lake, and Ashtabula. 

Peaches are grown in commercial quantities in some of the coun- 
ties in the southeastern part of the State, especially along the Ohio 
River. Lawrence, Meigs, and Athens Counties are mentioned as 
representative sections of this district. Orchards of some commer- 
cial standing also are found in Coshocton and Muskingum Counties, 
midway between the Ohio River and the geographical center of the 
State. 

Varieties—The Carman, New Prolific, Elberta, Lemon Free, 
Smock, and Salwey are the varieties most largely produced. 


INDIANA. 


Distribution.—Though very generally distributed throughout most 
of Indiana, the commercial production of peaches is principally in 
four districts, three of which are in the southern part of the State. 


ae 
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These districts are thus defined: (1) About the junction of the White 
and Wabash Rivers in Knox and Gibson Counties; (2) in the hilly 
section in the south-central part of the State, principally in Orange 
and Lawrence Counties and adjacent parts of the adjoining counties, 
including Brown, Monroe, Jackson, Washington, and Martin; (3) 
in most of the counties bordering the Ohio River; and (4) in the 
northern part of the State bordering Lake Michigan and including 
_parts of Porter and Laporte Counties. 

Varieties —The bulk of the crop consists of the Elberta variety, 
with the Carman, Champion, and small quantities of a few others as 
secondary sorts. 

ILLINOIS. 


Distribution —Commercial peach growing in Illinois is confined to 
the southern third of the State, with only such exceptions as are 
practically negligible. Even in this area the centers of production 
are rather restricted. In the average season Union County, in the 
extreme southern part of the State, probably leads in production, 
but interests of commercial importance are found elsewhere, espe- 
cially in Johnson, Jackson, Marion, Clay, and Richland Counties. 
Peach trees are planted in considerable numbers for home use 
throughout practically the whole State. 

Varieties—The Elberta is roughly estimated by some to comprise 
as high as 90 per cent of the trees planted in the commercial orchards. 
_A few Carman, Mountain Rose, Ede, Heath, and some others occur. 
The Hale (J. H.) has been planted in some of the younger orchards. 


MICHIGAN, 


Distribution.—Peach growing in Michigan is an extensive indus- 
try. The area in which it has been developed is more clearly defined 
than in many other States. It borders Lake Michigan in a narrow 
belt which includes Berrien County, the southwesternmost county 
of the State, and extends thence to Leelanau County (which lies 
between Grand Traverse Bay and the lake) on the north. It is 
largely through the ameliorating influence of Lake Michigan upon 
climatic conditions in the areas adjacent to it that the development 
there of a peach-growing industry has been made possible. As the 

—lake’s influence extends inland but a short distance, the peach belt 
is only a very few miles wide at most points. In the Grand Traverse 
region, about the bay of that name, peaches are grown to some ex- 
tent, and the belt extends across Ottawa County into Kent County 
in the second tier from the lake, though at most points its width 
covers only a portion of the first tier of counties bordering the lake. 
Peaches are also produced in some other sections of the State, as, for 
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instance, in Oakland County, in the southeastern part, and in Huron 
County, in the east-central part. The latter county forms a penin- 
sula between Saginaw Bay and Lake Huron, and thus is bordered 
by large bodies of water except on the south. However, the com- 
mercial peach interests outside the belt above defined are relatively 
small. 

Varieties —While a considerable number of varieties are grown, 
the bulk of the commercial crop is made up of a comparatively few. 
sorts, the principal ones being the following: Engle (Zngle’s Mam- 
moth), Kalamazoo, New Prolific, Elberta, Gold Drop, Smock, and 
Salwey. In the northern part of the Lake Michigan belt two early 
sorts, the Triumph and St. John, are grown to a limited extent, while 
the late varieties, such as the Smock and Salwey, are not so much 
grown as farther south in the State. 


WISCONSIN. 


Peaches are not grown in Wisconsin except possibly here and 
there a tree in the southern part of the State. The winter conditions, 
especially as to temperature, are too severe for successful peach 
culture. 

WEST NORTH-CENTRAL STATES. 


MINNESOTA. 


Distribution.—Peach growing from a practical standpoint may be 
said not to exist in Minnesota. The Thirteenth Census reported only 
1,571 trees of bearing age for the entire State. Of these, 334 (the 
largest number in any one county) were in Hennepin County. This 
county was also reported to have the largest number of bearing trees 
of both apples and plums. 

_ Varieties —No recommendations as to varieties can be made. 


IOWA. 


Distribution—Peach growing is relatively unimportant in Towa. 
The few peaches that are produced are grown very largely in the 
southern third of the State—that is, south of the latitude of Des 
Moines. In this area small plantings are more or less widely dis- 
tributed. Possibly the conditions in the extreme southeastern 
counties and in those in the southwest having loess soils are more 
favorable for peaches than in other parts of the State. Formerly 
. peach trees were interplanted in some of the apple orchards in Fre- 
mont County, possibly also in some other sections, but as the apple 
trees have developed the peach trees have been removed. 

Varieties —The Triumph, Greensboro, Carman, and Elberta occur 
perhaps as frequently as any varieties. Seedlings are not uncommon. 
in some sections where budded varieties have proved very uncertain. 
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Distribution —The wide distribution of peach trees throughout 
Missouri is indicated on the map shown as figure 2. It is also shown 
by the fact that in 1910, according to the Thirteenth Census, 30 per 
cent of the counties each contained 50,000 or more trees of bearing 
age, while about 45 per cent of the counties contained 40,000 or more 
trees old enough to bear fruit. In most of these counties, however, 
the trees are in home or small local orchards which have little or no 
commercial importance. Commercial production is confined very 
largely to the Ozark region along the lines of the St. Louis & San 
Francisco and the Kansas City Southern Railroads, the principal 
commercial peach-producing counties being Oregon, Howell, Greene, 
Lawrence, and Newton. Interests of limited commercial extent also 
are found at various points along the Missouri River, but principally 
in St. Louis County in the vicinity of the city of St. Louis and in 
Jackson County, in which Kansas City is located. 

Varieties—As in many other large commercial peach-producing 
sections, the Elberta variety comprises the principal part of the crop 
in most orchards. Relatively small quantities of the Carman, Moun- 
tain Rose, Family Favorite, Champion, Belle, Heath, Salwey, and a 
few others occur in some orchards. 


NORTH DAKOTA, 
Practically no peaches are grown in North Dakota. 
SOUTH DAKOTA. 


No peaches are grown in South Dakota except a very few in the 
Black Hills district, in the southwestern part of the State. Even 
there they are a negligible factor. No recommendation as to varieties 
is practicable. 

NEBRASKA. 


Distribution—Peach growing in Nebraska is unimportant com- 
mercially. Except in four counties—Cass, Otoe, Nemaha, and Rich- 
ardson—which border the Missouri River south of the Platte River 
in the southeastern corner of the State, peaches are practically 
negligible even in local fruit production. Adverse climatic condi- 
tions, particularly low winter temperatures that kill the fruit buds, 
or even the trees, and frosts that occur during the blossoming period 
constitute the chief limiting factors. 

Varieties —Little attempt is made to grow other than the hardiest 
sorts. The Alexander, Triumph, Rivers, Champion, Crosby, and 
Chili varieties are among those most commonly planted. 
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KANSAS. 


Distribution.—F or home and local use peaches are planted very 
generally in the eastern half of Kansas. Very few are grown in the 
western part of the State. There are a few commercial orchards, 
located principally in the extreme northeastern corner of the State, 
especially in Doniphan County, and at a few points along the 
Arkansas River in Reno, Sedgwick, Sumner, and Cowley Counties. 
Isolated orchards of local importance are also found in a few coun- 
ties in other parts of the State. 

Varieties —While the Elberta probably predominates, a number 
of the other widely planted varieties are grown, such as the Carman, 
Minnie (Alton), Champion Belle, and Hale (J. H.). 


SOUTH ATLANTIC STATES. 


DELAWARE. 


Distribution.—Great changes have taken place in the status of the 
peach industry in Delaware during the last 25 or 30 years. That 
portion of the Chesapeake Peninsula which consists of Delaware 
and the Eastern Shore counties of Maryland early became a famous 
peach-producing region; in fact, it was one of the first regions in 
the country in which peach growing became a great industry. 

Peach growing reached its zenith in New Castle County in the 
late seventies. With the extension southward of peach yellows, the 
center of the industry in Delaware reached the vicinity of Wyom- 
ing, in Kent County, about 1880 to 1885, when probably the produc- 
tion was greater than at any time since. Though considerable 
change has occurred from decade to decade, the central part of Kent 
County contains relatively large interests at present. It is probable 
that they have increased somewhat since the Thirteenth Census was 
compiled. ; 

The trend of the industry following the period of its greatest 
development is indicated by the census figures presented in Table I. 


Taste I]1.—Peach trees of bearing age in the different counties of Delaware 
and in the entire State. 


Counties. 
Entire 
Census of— State. 
New Castle.| Kent. Sussex. / 
2 (2 Ue te a We Soe SERS eller. ee ‘or Ue yaa fee 588,119 | 2,335,740] 1,597,764 4, 521, 623 
QO) Sr Fee oe he ee a A ae NE ae 37, 689 824,430 | 1,579,531 2,441, 650 
AOL Osaat Mok ee Ess in Pe 8 SME 2 ey «Le ahs 58, 175 596, 069 523,158] 1,177,402 


Since the late seventies New Castle County, the northernmost 
county in the State, has not been prominent for peach growing as 
compared with Kent and Sussex Counties, and, as Table IT shows, 
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there was a decided decrease in the number of bearing trees in Dela- 
ware during the decades included in the tabulation, though from 
1890 to 1900 the decrease in Sussex County was comparatively small. 
This decline in the extent of the industry is probably traceable prin- 
cipally to three causes—the destruction of the trees by yellows and. 
by the San Jose scale and the competition of the fruit with that pro- 
duced in other regions. During the years when peach growing in 
Delaware was at its height there was comparatively little competition 
in the industry, since extensive planting of peaches had not yet oc- 
curred in many sections. 

The areas about Camden and Wyoming in Kent County, about 
Bridgeville in Sussex County, and about Milford in both these coun- 
ties are among the more important centers of production at present, 
but in a general way peaches are grown more or less throughout 
these two counties in localities within easy hauling distance to ship- 
ping stations. é: 

Varieties—Comparatively few varieties make up the bulk of the 
crop. These are principally the Carman, Belle, Reeves, Elberta, 
and Frances, with the Elberta largely predominating. 


MARYLAND. 


Distribution—For a century and more, peach growing in Mary- 
land has been a prominent, agricultural enterprise. This apples 
particularly to certain Eastern Shore counties and to Anne Arundel 
County, on the western shore of Chesapeake Bay. During the late 
eighties and the nineties large interests were developing in Washing- 
ton County in the western part of the State. Probably the zenith 
of peach growing on the Eastern Shore was reached about 1875 to 
1885, coincident with its largest extension in Delaware. Subse- 
quent changes have been not unlike those that have occurred in Dela- 


ware. These changes are suggested by the census figures presented in 
Table III. 


TABLE III].—Peach trees of bearing age in certain counties in Maryland. 


Counties. 
Census of— Q sl ane 
- ueen ashing- 
Caroline. Kent. Nea. SEL 
OAR EL es eee See a ee ee ee 670,828 | 1,758,005 | 1,287,496 124,105 
LIU SCRE EEC ESP a en en oe a a 628, 284 484, 249 565, 640 828, 352 


VT TEL 208 ee ee Se ee oe 175,339 | 190,594 119, 804 260, 596 


The figures in Table III are self-explanatory. The decline of 
peach growing shown was due to a combination of factors. The 
most potent influences were probably the prevalence of yellows and 
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the competition in the markets with fruit produced in other regions 
where large interests were developed. 

_ The wide distribution and destructiveness of the San Jose scale 
during the late nineties and the first part of the following decade 
also caused a marked decrease in the number of trees. Even at pres- 
ent the industry is undergoing change, as indicated by the fact that 
since the census of 1910 commercial peach growing in Caroline 
County has practically ceased. Meanwhile, the industry has become 
of increasing importance in some of the more southern counties on 
the Eastern Shore. Of the counties which were early prominent, 


Kent and Queen Anne, both of which border Chesapeake Bay, con- 


tinue to produce considerable quantities of fruit. In addition Talbot, 
Dorchester, Wicomico, and Worcester Counties, all on the Eastern 
Shore, contain peach interests of considerable importance. Wash- 
ington County, in the western part of the State, continues as an im- 
portant factor, and extensive peach interests have been established 
also in Allegany County. 

Varieties—In western Maryland many of the orchards contain a 
rather long list of varieties planted with a view to supplying the 
markets continuously throughout the entire peach season. Such 
orchards commonly are made up of about the following sorts: Greens- 
boro, Carman, Hiley, Mountain Rose, Champion, Belle, Reeves, 
Elberta, Fox, Late Crawford, Stevens, Smock, Salwey, and Bilyeu. 
In the Eastern Shore orchards relatively few peaches that ripen later 
than the Elberta are grown, though some Late Crawford and Chairs 
are still produced. The Ray and Hale (J. H.), ripening in the same 
general season as the Elberta, are found in some orchards. The 
Carman, Hiley, Champion, and Belle varieties make up the bulk of 
the fruit that ripens before the Elberta. ty 


VIRGINIA. 


Distribution.—Peaches are widely grown for home use throughout 
nearly all parts of Virginia. Commercial orchards also are found 
at many different places in certain parts of the Piedmont and Val- 


ley regions. The extent of the commercial interests has varied con-. 
siderably in the past. In recent years the attention of fruit growers 
in this State has been so largely given to the apple crop that peach 


growing has become a relatively small factor in the fruit industry. 


The principal Piedmont counties, from the standpoint of commercial - 
peach enterprises, are Albemarle, Nelson, and Amherst. In the 
Shenandoah Valley, Frederick and Shenandoah Counties doubtless 
lead in importance at present, but Rockingham, Augusta, Alleghany, 


Botetourt, and Roanoke Counties call for mention in this connection. 


a 
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Varieties—The varieties principally grown are the widely dis- 
tributed sorts, the most prominent being the Carman, Hiley, Belle, 
Karly Crawford, Oldmixon Free, Elberta, Late Crawford, Heath, 
Salwey, and Bilyeu (Comet). 


WEST VIRGINIA, 


Distribution.—While peaches are grown locally more or less in 
inany places throughout West Virginia, the important commercial 
interests are located chiefly in the counties that make the eastern pan- 
handle region of the State, including Jefferson, Berkeley, Morgan, 
Hampshire, Mineral, Hardy, and Grant Counties. Of these, Mor- 
gan, Hampshire, and Mineral Counties are by far the most impor- 
tant from the standpoint of peach production. In comparison with 
them the peach interests in Jefferson and Berkeley Counties are 
vather small. The orchards in these two counties are somewhat 
widely distributed, however, being located with reference to the rail- 
roads that cross them in various directions. It is true, likewise, 
that in the other counties named the locations of orchards have been 
determined largely by the transportation facilities, and accordingly 
they are less widely distributed than in Jefferson and Berkeley Coun- 
ties. In Morgan and Mineral Counties peach growing is confined to 
locations within a very few miles of the Potomac River, while in 
Hampshire, Hardy, and Grant Counties, which are traversed by the 
south branch of the Baltimore & Ohio Railroad, the orchards occupy 
sites on the ridges of the mountains which characterize the topog- 
raphy and parallel with which the railroad is located. 

Peaches are also a commercial crop of limited proportions at points 
in the western part of the State along the Ohio River. Cabell and 
Wood Counties, in which are located, respectively, the cities of Hunt- 
ington and Parkersburg, are relatively important in that part of the 
State. . 

Varieties—While much the same varieties are grown in West Vir- | 
ginia as are produced in the peach-growing districts to the south- 
ward, the relative importance of different varieties 1s not the same 
as it is in most other districts. In most of the orchards in the 
Potomac River valley and adjacent sections the varieties have been 
selected and planted with a view to furnishing a fairly uniform 
xnd continuous supply of fruit throughout a long shipping season. 
It is important, therefore, from the producer’s standpoint to have 
the fruit ripening in a uniform sequence in order that the crews may 
be regularly and economically employed. The following varieties are 
the ones largely grown: Carman, Connet (Southern Early), Cham- 
pion, Hiley, Belle, Oldmixon Free, Elberta, Late Crawford, Stevens, 
Beers Smock, Heath, Salwey, and Bilyeu. 


s 
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NORTH CAROLINA. 


Distribution.—The principal commercial peach-producing district 
of North Carolina at present is in what is commonly called the sand- 
hill region. From the peach-growing standpoint this refers pri- 
marily to Moore County, though in adjacent areas in Montgomery 
County, which borders Moore on the west, considerable quantities are 
produced. Candor, in the latter county, and Aberdeen, Southern 
Pines, and Eagle Springs are representative shipping stations in 
Moore County. The peach industry is being extensively and rapidly 
increased in this district at present. 

A relatively small peach enterprise is located in the northwestern 
part of the State, centering about Mount Airy, in Surry County. 
Some tendency to establish peach orchards at some of the higher 
elevations in the western sections of the State is also reported. Again, 
in the southeastern part of North Carolina, at points in Duplin, Samp- 
son, Pender, Bladen, and Columbus Counties, rather extensive plant- 
ings have been made. Few of these, however, have as yet come into 
bearing. 

Great numbers of seedling peach trees are grown in the mountain 
regions, foothills, and adjacent areas in western North Carolina and 
adjoining States. The fruit of these is harvested and the seeds as- 
sembled for sale to nurserymen who plant them for the growing of 
stocks to be used in propagating peach trees. Western North Caro- 
lina thus supplies large quantities of the “natural peach pits” used 
by nurserymen. 

V arieties—The principal varieties are the Mayflower, Victor, Alex- 
ander, Yellow Swan, Greensboro, Arp, Carman, Connet, Hailey, 
Belle, and Elberta, with the last-named variety largely predomi- 
nating. 

SOUTH CAROLINA. 


Distribution —Peach growing for home use is widely distributed in 
South Carolina, as it is in most Southern States. Commercial inter- 
ests are located rather widely, but especially in Edgefield County 
along the Savannah River and in Saluda County. Orchards having 
a commercial status also are found in Calhoun, Richland, Kershaw, 
and Lancaster Counties. These counties eccupy a strip through the 
center of the State which extends from the western extremity of the 
sand-hill region to the eastern extremity of the Piedmont region. In 
the western part, orchards occur more or less in Greenville, Pickens, 
and Oconee Counties. 

Varieties —The Mayflower, Carman, Belle, and Elberta varieties 
comprise the bulk of the crop. 
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Distribution.—According to the Thirteenth Census there were 
about 10,600,000 peach trees of bearing age in Georgia in 1910, the 
largest number reported for any one State. In the combined number 
of trees of both bearing and nonbearing age, Georgia was exceeded 
by Texas and California. 

In yield California is far ahead of Georgia (see fig. 6), but, as 
noted under California, a large part of the peach crop of that State 
is used for drying and canning. In shipments of fresh fruit in 
seasons of a good crop Georgia normally leads all other States. 

In general the commercial peach interests of Georgia may be 
said to be in the central and northern parts of the State. A line 
extending from Augusta (in the east-central part of the State) in 
a southwesterly direction toward Albany until it cuts the thirty- 
second parallel of latitude (which is practically the latitude of 
Savannah and Americus), and then running directly west to the 
Georgia-Alabama State line, will divide the State into two sections, 
of which the northern contains practically all the commercial peach 
orchards. 

The following are the principal counties in which peaches are 
erown: In the northeastern part of the State, Habersham, White, 
Banks, Hall, Jackson, Elbert; mm the northwestern part, Dade, 
Walker, Catoosa, Whitefield, Murray, Chattooga, Gordon, Pickens, 
Floyd, Bartow, Cherokee, Polk, Paulding, Cobb, and Haralson. The 
above counties are north of the latitude of Atlanta. In the west- 
central part are Meriwether, Spalding, Pike, Monroe, Harris, 
Upson, Crawford, Bibb, Marion, Taylor, Macon, Houston, Stewart, 
and Sumter Counties. In the east-central part are Columbia, Mc- 
Duffie, Warren, Glascock, Washington, Hancock, Putnam, Jasper, 
Jones, and Twiggs Counties. 

By far the largest center of production is Fort Valley, in Houston 
County. The next most important centers, on the basis of size, are 
adjacent areas in Crawford and Macon Counties. Several other 
counties immediately adjacent to these also contain large interests. 

Varieties.—In the central sections the principal sorts are the May- 
flower, Greensboro, Dixie Queen, Early Rose, Carman, Waddell, 
Hiley, Belle, Hale (J. H.), and Elberta. Those in the northern 
sections are the Carman, Hiley, Belle, and Elberta. Since the very 
early varieties if grown in the northern sections would compete with 
the later and more desirable fruit from central Georgia, they are not 
much planted there. The Elberta is planted in all sections of the 
State very much more extensively than any other one sort. 


= 
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FLORIDA, 

Distribution—While peaches are grown more or less generally for 
home use throughout much of the central highland portion of Florida, 
the commercial production, measured in carloads, is rather small. 
The fruit, however, is marketed early in the season, before shipments 
begin from more northern points. The principal shipping points are 
in the northeastern quarter of the State, in Putnam, Volusia, and Lake 
Counties, and in closely adjoining areas in adjacent counties. Rep- 
resentative shipping and production points are Crescent City, Edgar. 
and McMeekin, in Putnam County; Seville and De Land, in Volusia 
County; Umatilla, in Lake County; and Lake Geneva, in the southern 
part of Clay County, which adjoins Putnam on thenorth. According 
to the Thirteenth Census Marion and Alachua Counties, adjoining 
Volusia and Putnam Counties on the west, contain large numbers of 
bearing trees compared with most other counties in the State, but 
no important centers of production are designated. 

Varieties—The varieties of commercial importance grown in 
Florida are few in number. ‘The Jewel is the leading sort, while the 
Waldo, Angel, and a few others are grown to a limited extent. These 
all belong to the Peen-to race. They are grown little, if at all, out- 
side of Florida. A few varieties of the South China or Honey race 
are also grown in Florida, but probably no member of this race equals 
in importance those.of the Peen-te race above named. 


EAST SOUTH-CENTRAL STATES. 
KENTUCKY. 

Distribution.—Doubtless the most important commercial peach 
district in Kentucky is in the hilly section south and southeast of 
Louisville, in Jefferson and Bullitt Counties. Shepherdsville and 
Brooks, in the latter county, are perhaps the largest shipping sta- 
tions in this district at present. Bedford, in Thimble County, and 
Bowling Green, in Warren County, are other relatively important 
centers of production. These localities, except the latter, are in the 
north-central part of the State, along the Ohio River. Certain other 
counties bordering that river, such as Campbell, Kenton, and Hen- 
derson, produce small quantities of peaches. They are also widely 
grown in most other parts of the State, but generally not on a com- 
mercial scale. 

Varieties —The Elberta is the most prominent variety. The Car- 
man, Belle, Champion, Globe, and a few others are grown in small 


quantities. 
TENNESSEE, 


Distribution—Commercial peach growing in Tennessee is a rela- 


tively limited industry, yet many orchards of considerable commer- 
cial importance are found in a large number of counties in different 


: 
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parts of the State. Doubtless the largest general district from which 
peaches are shipped in quantity is the lower portion of the Cumber- 
land or East Tennessee Valley. This district includes shipping 
points in several counties, of which the following are among the best 
known: Cleveland, in Bradley County; Sale Creek, in Hamilton 
County; Dayton and Spring City, in Rhea County; and Harriman 
and Kingston, in Roane ‘County. Orchards of some commercial 
standing are found in some other parts of the East Tennessee Valley, 
as in Knox, Hamblen, and Washington Counties, but the fruit from 
these sections is relatively unimportant in quantity. Formerly Taze- 
well and Cumberland Gap, in Claiborne County, were fairly large 
points of production. Though of much less importance than hereto- 
fore, some shipments are still made from these places. 

In the Cumberland Plateau region, which as a whole is not regarded 
as well adapted to fruit growing, Morgan is the only county that 
requires mention from the standpoint of peach production. 

In the Gulf Coastal Plains region, in the western part of the State, 
peaches are grown commercially to some extent. Orchards are found 
in Obion, Madison, Gibson, and possibly other counties. 

Varieties Karly Wheeler (Red Bird Cling), Greensboro, Carman, 
Belle, and Elberta varieties make up the bulk of the crop. Not all 
these varieties are of equal importance in the different sections, and 
the two first named are not widely grown, but for early sorts they 
are of some value in most sections of the State. 


ALABAMA, 


Distribution—In Alabama there are several regions where peach 
growing is of considerable importance. Probably the largest inter- 
ests are in the southwestern part of the State, in Escambia County, 
centering about Atmore. In the northwestern part, especially in 
Walker, Winston, Marion, and Franklin Counties, there are many 
orchards. Jasper, Haleyville, Winfield, and Phil Campbell are rep- 
resentative shipping points in these counties. 

Individual orchards of commercial size, varying from a few acres 
in extent to 60 acres or more, including one reported to contain 1,100 
acres, are more or less widely distributed in other parts of the State, . 
especially in the central, eastern, and northern counties. Jackson, 
Ktowah, Cullman, Jefferson, Clay, Chambers, Lee, and Macon are the 
counties in which the more important of these somewhat isolated 
commercial orchards occur. 

Varieties—The Elberta is by far the most important variety 
throughout Alabama. A few earlier varieties, including the May- 
flower, Carman, and Belle (Belle of Georgia), are grown in some of 
the orchards. 


< 
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MISSISSIPPI. 


Distribution —Though peaches are widely distributed throughout 
most parts of Mississippi, they are grown largely for home use or 
local markets, the commercial interests being nearly negligible. A 
few carloads are usually shipped each season from Jasper and Wayne 
Counties, in the east south-central part of the State; from Union, 
Prentiss, Pontotoc, and Lee Counties, in the northeastern part; and 
possibly in some seasons also from certain other sections. The total 
commercial shipments in any year include but a small number of 
carloads. 

Varieties—The Elberta is the principal variety. Other varieties 
commonly grown in Alabama and Georgia also are grown to a 
limited extent. 

WEST SOUTH-CENTRAL STATES. 


ARKANSAS. 


Distribution—By referring to the map (fig. 2) it will be seen 
that the most extensive plantings occur in the western part of Arkan- 
sas, gradually decreasing toward the center, with comparatively few 
in the eastern part of the State. From a commercial standpoint the 
largest interests are in Benton, Washington, Carroll, and Searcy 
Counties, in the northwestern part of the State; in Crawford, Se- 
bastian, Franklin, Johnson, Pepe, Yell, Conway, and Faulkner 
Counties, in the Arkansas River valley between Fort Smith and 
Little Rock; and in Seott, Polk, Sevier, Howard, Pike, and Hemp- 
stead Counties, in the western and southwestern parts. At present 
the largest concentration of interests is probably in Pike County, 
which is estimated to have 6,000 acres of Elberta peaches, and in 
Howard County, with an estimate of 2,000 acres of the same variety. 

Varieties —The Elberta so largely predominates that it practically 
represents the peach industry throughout the State. North of the 
Arkansas River a few Carman, Mamie Ross, Belle, and several other 
varieties are grown, while south of the river the Early Wheeler (fed 
Bird Cling) 1s planted more or less in addition to some of the other 
minor varieties named above. In some of the more recent plantings 
in different parts of the State the Early Elberta and Hale (J. H.) 
are being tried. 

LOUISIANA. 


Distribution—Peach growing occupies an unimportant place in 
Louisiana. While more or less generally distributed over the State, 
peaches are produced, with few exceptions, only for home use. Ata 
small number of points in Bossier, Claiborne, Lincoln, and possibly 
other parishes in the extreme northern part of the State smal] quan- 
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tities are grown for shipping. This area is in reality a southern 
extension of the peach district in southwestern Arkansas. 

Varicties.—The principal varieties are the same as those grown in 
other Southern States of the same latitude, the Elberta leading. In 
the southern part varieties of the Peen-to race, such as those*named. 
under Florida, occur to a limited extent. 


OKLATIOMA, 


Distribution —The peach interests in Oklahoma are rather vari- 
able. No parts of the State are preeminently adapted to peach 
erowing, yet in favorable seasons peaches succeed well throughout 
most of the region east of the ninety-eighth meridian, which is ap- 
proximately in line north and south with Enid, El Reno, and Chick- 
asha. Not many orchards are found west of this line, nor are there 
interests of much importance in the northern tier of counties. By 

-this elimination that part of the State lying east of the ninety-— 
eighth meridian and south of the border counties on the north may 
be designated as the region in which most of the commercial peach 
orchards oceur. Within this area commercial orchards are found 
in most of the counties, though with comparatively small concentra- 
tion of interests In any one locality. Perhaps Guthrie and its im- 
mediate environs in Logan County, and Checotah, in McIntosh 
County, may be designated as representing some of the more im- 
portant centers at present. On account of its geographic position 
Oklahoma is subject to mild winters and warm spells during which. 
the peach buds become tender. Not infrequently temperature con- 
ditions occur which, though not unseasonably low, may cause serious 
injury to the fruit buds after they have started. Because of this, 
peach growing in Oklahoma is probably less thriving than it other- 
wise -would be. For a similar reason, the status of commercial 
peach growing has changed materially in many localities in a num- 
ber of other States. 

Varieties —The Elberta comprises so large a proportion of the trees 
in commercial orchards that hardly any other sort requires mention. 
A few Early Wheeler trees are grown in some orchards; also May- 
flower, Carman, Mamie Ross, Belle, Early Crawford, Chinese Cling, 
Heath, and some others. 

TEXAS. 


Distribution.—In general it may be said that peaches are grown 
more or less throughout most portions of northern Texas. Limited 
attention has also been given to peach culture in the southeastern 
section. The principal commercial interests are located in the north- 
eastern part. <A line passing through Sherman, Dallas, Waco, and 

then directly east to the Sabine River, which is the boundary between 
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Texas and Louisiana, would include the more important commercial 


peach-producing counties. Important peach interests exist in a con-— 


siderable proportion of the counties in the region thus outlined, and 
many stations from. which peaches are shipped are located therein. 
Tyler, Winona, Athens, Jacksonville, Palestine, Pittsburg, Sulphur 
Springs, Winnsboro, Mount Vernon, Mount Pleasant, and Marshall 
are more or less typical centers of production in this area. Orchards 
ef considerable size are also found in other counties, where the in- 
tersts are somewhat isolated or represent relatively small community 
enterprises. Such orchards occur in Colorado, Erath, Eastland, 
Callahan, Montague, and probably in other counties. 

Varieties —The Klberta variety predominates, but others are con- 
siderably planted, such as the Arp, Yellow Swan, Early Wheeler, 
Carman, Mamie Ross, and Slappey. Certain varieties that have been 
developed in Limestone County appear to possess characteristics that 
may prove of great value in northeastern Texas and other regions” 
where the climatic conditions are similar. This group includes varie-- 
ties designated as Tena, Millard, Anita, Toughina, Lizzie, Frank, 
Barbara, Katie, and several others which ripen about with the El- 
berta variety and later. 

i MOUNTAIN STATES. 


MONTANA, 


Distribution-—It.is substantially true that peaches are not grown 
in Montana. The Thirteenth Census reported 538 trees of bearing 
age for the entire State, these occurring on 49 farms; also 3,386 trees 
not of bearing age on 117 farms. In most sections of the State the 
trees can not survive the winter conditions, but in the sections about 
Bigfork, Plains, and Hamilton, in the western part, and possibly in 
some of the other milder localities a few trees have been planted. 

Varieties —Little information can be give regarding varieties. The 
Triumph, Champion, Foster, and a few others have been planted, but 
apparently with very uncertain results. 


IDAHO. 


Distribution.—Peaches are grown to a limited extent for home 
use in most sections of Idaho in which a commercial fruit industry 
has been developed, but the commercial peach production is limited - 
very largely to three regions: (1) The Lewiston district, where a large 


portion of the fruit is grown on a high bench about 3 miles south-— 


east of the town of Lewiston. (2) The Payette district, which con- 
tains a larger acreage of fruit than any other district in the State, 
comprising the areas along the Payette River from its mouth to 
Horseshoe Bend, along the Snake River between Payette and 
Weiser, and up the Weiser River as far as Council. While peaches 
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have been planted more or less in different parts of this district, it 
is in the Payette River valley, in the vicinity of Emmett on the 
Emmett bench that the most extensive plantings are found. (3) The 
Snake River Canyon district, which extends for a distance of some 
125 or 130 miles along the Snake River eastward from the point 
where it crosses the State line into Oregon. Fruit is planted in 
coves and other places along the river where conditions are favor- 
able. The North Idaho, Palouse, Blackfoot, and Idaho Falls dis- 
tricts are not well suited to peach growing. 

Varieties —The Early Crawford, Elberta, and Late Crawford are 
the varieties principally mentioned by Vincent and Downing.’ The 
Early Hale is named for the Snake River Canyon district in addi- 
tion to the Early Crawford and Elberta. The latter variety is far 
more éxtensively grown than any other. 

Additional varieties grown in a small way in several regions of the 
State include the Alexander, Triumph, Carman, Champion, and a 
few others. 

WYOMING. 


As in the adjacent parts of the States which surround Wyoming, 
peach growing is made impossible by the severity of the climatic 
conditions. One report states that peaches in Woming are grown 
“only as curiosities. The trees have to be laid down and buried in 
winter.” ° 
‘ COLORADO. 


Distrvibution—The commercial peach districts in Colorado are lo- 
cated in irrigated valleys. The most important district is in the 
Grand Valley, in Mesa County. Palisades and Clifton are the 
largest shipping points. Other sections of some importance are the 
Gunnison Valley, in Delta County, centering about Delta and Austin; 
the North Fork of the Gunnison, also in Delta County, centering 
about Paonia and Hotchkiss; and the Uncompahgre Valley, in Mont- 
rose County, centering about Montrose. Small interests also are 
found in the Las Animas Valley, in La Plata County. 

East of the Great Divide the only areas of commercial importance 
are in the Arkansas Valley about Canon City, in the eastern part of 
Fremont County, and at a few points in close proximity to the 
Arkansas River in Pueblo and Otero Counties. 

Varieties —In all of these sections the Elberta is by far the most 
important variety. Very small quantities, relatively, of a few other 
sorts, such as the Alexander, Carman, Belle, Heath, and Salwey, are 
produced. 


-1 Vincent, C. C., and Downing, G. J. Recommended varieties of fruit for Idaho, ° Idaho 
Agr. Wxp. Sta. Bull. 83, 14 p., map. 1915, 
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NEW MEXICO. 


Distribution —Peach growing in New Mexico, like the growing of 
other kinds of fruit there, is confined almost entirely to irrigated 
valleys. The principal districts and centers where peach growing 
is important are the following: The Pecos Valley, especially about 
Carlsbad, in Eddy County; the Rio Grande Valley, with Las Cruces, 
in Dona Ana County, the most important locality; Otero County, 
about Tularosa; and the San Juan County district, in the north- 
western corner of the State, centering especially about Farmington. 
Smaller interests exist also in some of the other fruit-growing areas, 
such as the Mimbres Valley district in Luna County; the Portales 
section in Roosevelt County, the latter being a recently developed 
fruit-growing district; the north-central part of the State, in Colfax 
County, where small areas irrigated by various mountain streams are 
devoted to peaches; the San Miguel County district; a small district 
in northern Santa Fe and in southern Rio Arriba counties; and a 
similar district in the central part of Taos County. 

Varieties.—In the three or four most important districts the Alex- 
ander, Hynes (Hynes Surprise), Carman, Texas (Yexas Hing), 
Mamie Ross, Champion, Elberta, Late Crawford, Crothers, and Sal- 
wey varieties are largely grown. In those of small importance the 
fruit grown consists mostly of the Elberta and Late Crawford sorts. 

The Alexander arid Hynes (neither of which appears to be much 
grown) are late’ in blossoming, while the Texas, Mamie Ross, and 
Crothers are medium late; hence, they are less eel to be injured 
by spring frosts than the uber blossoming sorts. 


ARIZONA. 


Distribution.—The report of the Arizona Commission of Agricul- 
ture and Horticulture for the year ended June 30, 1915, shows that 
of the fruit trees and vines of the 10 leading kinds imported into the 
State for the preceding fiscal year, 44.5 per cent, or 94,752 in num- 
ber, consisted of peach trees. It was further estimated that 30,500 
peach trees grown in local nurseries were planted also during the 
same year. 

While peach growing in Arizona has not attracted wide attention 
from a commercial standpoint, there are three irrigated valleys in 
which the interests are of considerable local importance—the Salt 
River Valley in Maricopa County. the Verde Valley in Yavapai 
County, and the Gila Valley in Graham County. 

Varieties—The Elberta is largely grown. A few Belle, Salwey, 
and possibly other sorts are occasionally found. According to Me- 
Clatchie and Coit,! a considerable number of varieties do well in the 


1McClatchie, A. J., Coit, J. E., and others. Relation of weather to crops and varieties 
adapted to Arizona conditions. Ariz, Agr. Exp. Sta. Bul. 78, pp. 44-118. 1916. 
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| southern valleys in the State, those definitely specified being the 
Alexander, Dewey, St. John, Briggs, Belle, Elberta, Late Crawford, 
Wheatland, Krummel, Sylphide, and Salwey. 


UTAH. 


Distribution.—In Utah the orchard interests are in valleys which, 
in general, are located to the westward and along the course of the 
main range of the Wasatch Mountains, in the north-central part of 
the State. The principal centers of peach production are as follows: 
The extreme eastern part of Box Elder County, about Willard, 
Brigham, Honeyville, Deweyville, Tremonton, and Corinne; Weber 
County, about Ogden, Roy, and Uinta; Davis County, about Clear- 
field and Woods Cross; Salt Lake County, about Salt Lake City; 
and in Utah County, about Provo, Springville, and Payson. 

Varieties—One estimate places the Elberta at 90 per cent of the 
commercial product of the State. The Karly Elberta, Foster, Sellers, 
and a few others are grown in very limited quantities. 


NEVADA. 


In most parts of Nevada the climatic conditions are not suited to 
the culture of peaches, and very little attempt is made to grow them. 


PACIFIC STATES. 


WASHINGTON. 


Distribution.—The peach districts in Washington are coincident 
with the apple districts, though not all of the latter contain peach 
interests of importance. The most prominent district with reference 
to peaches is the Yakima Valley, in which this fruit is grown at 
numerous points between North Yakima, in Yakima County, and the 
junction of the Yakima and Columbia Rivers, in Benton County; 
at Kennewick, located a few miles below the mouth of the Yakima 
River in Benton County; and at Pasco, directly across the Columbia 
River, in Franklin County. 

The Wenatchee Vailey, centering at Wenatchee in Chelan County, 
is the second most important peach district; the third is the Snake 
River valley, especially that portion included in the southern part of 
Whitman County, where at various points peaches are grown on a 
relatively small commercial basis. This valley is virtually continuous 
with the Lewiston district in Idaho. In the Walla Walla Valley, as 
in certain other districts, peach interests have been developed on a 
sufficiently large scale to produce some fruit for shipping, but the 
two valleys first mentioned are by far the largest producing districts” 
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in the State. The Milton-Freewater district in Oregon is a part of 
the Walla Walla Valley. In all of these valleys most of the peach 
trees are interplanted in the apple orchards. As the apple trees de- 
velop, the peach trees are taken out. As a result, there is at present 
a more or less rapid and constant decrease in the extent of the peach 
industry in Washington. 

Varicties.—There are no varieties that are in any way character- 
istic of these districts. The most important sorts are the Triumph, 
Carman, Champion, Early Elberta, Early Crawford, Elberta, Late 
Crawford, and Salwey. ‘The Elberta is the principal variety in most 
localities. 

OREGON. 


Distribution.—Peaches are grown in Oregon to a considerable ex- 
tent as fillers interplanted in apple orchards. To this extent, there- 
fore, peach growing in this State is a temporary enterprise. In some 
sections, however, peach trees have been planted on a somewhat per- 
manent orchard basis. This is the case in The Dalles district in 
Wasco County, in the Ashland and Merlin districts in the Rogue 
River Valley, and in the vicinity of Salem in the Willamette Val- 
ley. Important valleys where many peaches have been interplanted 
in apple orchards include such localities as the Milton-Freewater 
district in Umatilla County, this being a part of the Walla Walla 
Valley, the Hood River Valley, the Umpqua Valley, and various 
points in the Willamette Valley in addition to Salem, which is men- 
tioned above. 

Varieties—A large number of different varieties are grown in the 
various districts, the more important and widely distributed of 
which include the Alexander, Early Crawford, Early Charlotte, 
Elberta, Late Crawford, Muir, Phillips, and Salwey. In most in- 
stances in the districts where peaches are of special commercial 
value the problem in selecting varieties is more largely that of se- 
curing sorts that ripen at a desired time or are suited to the pur- 
pose for which they are to be used than of choosing varieties that 
will develop well. 

CALIFORNIA. 


Distribution—The peach interests of California surpass those of 
any other State in both quantity and value of the product. Ac- 
cording to the Thirteenth Census, there were nearly 1,500,000 more 
trees not of bearing age in California in 1910 than in any other 
State, though in number of trees of bearing age Texas and Georgia 
each surpassed California. Moreover, the industry is highly special- 
ized. While large quantities of fruit are marketed in the fresh 
state, the planting of varieties intended especially for canning as 
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well as of varieties particularly adapted for drying is extensively 
practiced in some districts. The relative importance of peaches for 
canning, compared with the rest of the country, is indicated by the 
following figures from the Thirteenth Census. (Table IV.) 


Taste 1V.—Quantity and value of canned peaches in California and in the 
United States in 1909 and 1914. 


Number of cases canned. Value. 
States. 
1909 1914 1909 1914 
RaPaLELERIENE Ee ee oe SS sisicre(s a viciceloee's scseoe eciand che wat 1, 149, 590 2,922,637 | $3,013,203 | $8,685,831 
dob iio ie Sa) SES Se Ope eS ee 317, 623 485, 269 740, 495 899, 942 
Potalifor the United. States .......------.-ss0-- 1, 467, 213 3,407,906 | 3, 753, 698 9,585, 773 


A comparison of the figures presented in Table IV emphasizes 
the great importance of the canning industry to the peach growers 
in California. While the proportion varies more or less from 
year to year, depending largely upon crop and market’ conditions 
in the different States, the actual quantity canned in any year 
in other parts of the country is always small in comparison with the 
California product. 

Practically the entire commercial output of dried peaches in this 
country is produced in California. It is estimated that about 90 per 
. cent of the crop, as a rule, is either dried or canned and about 10 per 
cent shipped in the fresh state. 

There are two main districts in which a large proportion of the 
peaches are produced, viz, the Sacramento and the San Joaquin 
Valleys. In the latter, the peaches are grown largely for canning 
and drying. In the Sacramento Valley along the foothills the ship- 
ping varieties predominate, but in the valley areas large quantities 
of fruit both for canning and for drying are produced. 

According to the report of the California State Commission of 
Horticulture+ Fresno County now has about 35,000 acres of peach 
trees of bearing age—nearly five times the acreage reported for any 
other one county. 

The principal counties from the standpoint of peach growing in 
the Sacramento Valley and foothills are Placer, Sacramento, Solano, 
Sutter Tehama, and Yolo; in the San Joaquin Valley, Fresno, 
Kings, Merced, San Joaquin, Stanislaus, and Tulare; in other parts 
of the State, Santa Clara, Los Angeles, Riverside, San Diego, and 
San Bernardino. Orchards are more or less widely distributed 
throughout various other districts. 


1 Weldon, G. P. The acreage of fruits, bearing and nonbearing, by counties, in 1915. 
In Mo. Bul. State Com. Hort. [Cal.], v. 5, no. 3, p. 105. 1916. 
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Varieties—A large number of varieties are grown in California, 
but the bulk cof the crop consists of comparatively few sorts. For 
canning, the firm-fleshed yellow clingstone varieties are largely used. 
The principal cling varieties grown for canning are the Tuskena 
(Tuscan), Hauss, Johnson, Walton, Albright Cling, and Phillips. Of 
freestone varieties, the Muir and Lovell are canned to some extent, 
and for drying they are by far the most important. The Elberta is 
dried in relatively small quantities. Those grown for shipping fresh 
are the Alexander, St. John, Early Haile, Early Crawford, Foster, 
Susquehanna, Elberta, McKevitt, McDevitt, Salwey, Levy, and some 


others. 


INDEX OF STATES. 


Page 
Bernie ne es rg Dee | INCH [cele te eee ere eee eee 
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MRS 3 = Rok £2 ERMA (O) [V1 0) po erence eA ae eh 
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INTRODUCTION. 


The growing of broad or horse beans in California during the last 
few years has been seriously handicapped everywhere by the presence 
of the broad-bean weevil (Bruchus rufimanus Boh.). The practi- 
cal impossibility of growing uninfested beans caused the early aban- 
donment of a considerable acreage. The greatest abandonment, how- 
ever, followed the ruling, according to the Federal Food and Drugs 
Act, that weevil-infested broad beans are adulterated food, and that 
their shipment was prohibited in interstate commerce. 

The Bureau of Chemistry first ruled that beans infested “to any 
material extent” could not be shipped (4),1 but later changed the rul- 
ing to allow shipment to any lot which contained “not more than 
15 per cent of wormy or weevil-infested beans” (5). The 15 per 
cent. limit is tentative only. Acting under this ruling, a shipment 
of broad beans from a San Francisco broker was seized in New 
York, after having been found to be over 25 per cent infested. The 
broker was tried for violating the Food and Drugs Act, convicted 


1 Numbers in parentheses refer to ‘* Literature cited,’ p. 22. 
132902°—19—Bull. 807. 1 
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by a jury, and fined $150 (9). | Since then many dealers have refused _ 
to handle horse beans, while those who continued to deal in them ~ 


have had to exercise caution that no shipment contained more than 
15 per cent infested beans, or else run the risk of confiscation. The 
numerous confiscations during the past few years of shipments in 
transit by food inspectors, and the cost of hand picking to keep the 
infestation within the 15 per cent permitted, has resulted in keep- 
ing the price of beans low and reducing the acreage. _ 

Although the bean is commonly called the horse bean, the name is 
somewhat a misnomer, as only about 30 or 40 per cent of the crop 
is used as stock feed. The larger portion is shipped to New York 
and other eastern cities, where it is used for food by Italians and 
Portuguese, and is known as fava. Other names are English bean, 
Windsor bean, and tick bean. 

The horse bean is used also as a green vegetable, and of late years 
has been planted to a considerable extent as a winter cover crop, 

especially in fruit orchards. A recent Farmers’ 


the Pacific coast, the Gulf of Mexico, and the South 


\z 7 human consumption, but also for the green vege- 


A \ table, stock feed, and green manuring. 


DESCRIPTION. 
Fic. 1.—The broad- The egg (fig. 1) is elliptical-ovate, about twice as 


THE EGG. 
bean weevil : Egg. 2 5 . 5 > 
Greatly en- long as wide, a trifle more pointed anteriorly, its 


te (Chitten- surface smooth with no visible sculpture. When 

: first laid it is whitish and glistening, but gradually 

turns darker. Just before hatching, the black head of the embryo can 
be seen plainly through the shell. 


THE LARVA. 


The young larva is pale yellow, with dark or black head and mouth- 
parts. The full-grown larva is cream colored, with small brown head 
and black mouth-parts. It is 4.5 to 5.5 mm. long and 2.5 to 3 mm. 
wide. 


THE PUPA. 


The pupa when first formed is light yellow or cream colored, with 


legs and wing-covers whiter. It gradually turns darker, particulariy — 


the appendages, until it is light brown before transforming. It 
measures about 3 mm. wide and 5 mm. long. 


Bulletin (8) recommends further plantings along 


Atlantic States, not only for the dry beans for ~ 


. 
E 
; 
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THE ADULT. 


The adult (fig. 2) is from 3.5 to 45 mm. long and a little over 
half as wide. The general color is black, with white markings on the 
elytra and pygidium, giving it a somewhat mottled grayish appear- 
ance. The head is dark. The basal four joints of the antennz are 
reddish brown, the remainder black. The forelegs 
are reddish brown and black, while the middle 
and hind pairs are black. 

The species closely resembles the pea weevil (2. 
pisorum L., fig. 3), but may be separated by the 
following characters: 


Posterior femora acutely dentate; thorax broad; pattern 
of elytra well defined; pygidium with a pair of dis- 


Hnemapical black spots.2--_._-_-_--_-_.__. pisorem L. Fig. 2.—The broad- 
Posterior femora obtusely or obsoletely dentate; thorax bean weevil 
narrow; pattern of elytra more or less suffused; panne yee hae 
pygidium with black apical spots lacking or illy heetion " Bnlargea, 
MGHIVe( mene ee ee rufimanus Boh. (Chittenden. ) 
SYNONYMY. 


Bruchus rufimanus Boheman. 


Bruchus rufimanus Schoenherr, Gen. et Spec. Curculionidum, v. 1, p. 58, 1833. 

Bruchus granarius auct. (not L.) Westwood, Curtis, Ormerod, Wood, Riley, 
Fletcher, Lintner, et al. 

Mylabris rufimana Boh., Baudi, Deutsch. Ent. Zeitschr., 1880, p. 404. 

The Bruchus granarius L. 
is Laria atomaria L., 
Syst Nata. I2th edieyp: 
605, 1776-1778. 


RECORDS OF OCCUR- 
RENCE IN CALIFOR- 
NIA. 


Although horse beans 
were grown in Cali- 
ornia as early as 1887, 


Fic. 3—The pea weevil (Bruchus pisorum) : a, Beetle; the horse-bean weevil 
b, larva; c, pupa. Enlarged. (Chittenden.) 


was not recorded as ac- 
tually established in the United States until September 18, 1909. On 
that date Mr. I. J. Condit, then collaborator of the Bureau of Ento- 
mology, collected live specimens at San Luis Obispo, on growing horse 
beans (2,3). Inquiry by the writer among buyers and growers indi- 
cates that the weevil was established in California many years before 
1909. Mr. P. G. Hammer, San Francisco, writes as follows, “We are 
quite positive of the date, for in our dealing with this variety of beans 
the first indication of weevil infestation appeared possibly not later 


4 ' 
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than 1888,” from Alameda County. One other broker gives 1893 as 
the first date infested beans were observed by him from the same lo- 
eality. Mr. E. A. Bunker, from a personal transaction in 1898, posi- 
tively remembers that date as the first year infested horse beans were 
observed by him. Other dates for the different localities given by 
different bean brokers are as follows: Gilroy, 1890; Watsonville, - 
1900; Morro, 1900; Oceano, 1903; Halfmoon, 1904; and Sacramento, 
1908. 

It must be remembered that in none of the above dates were the 
weevils in horse beans identified as Bruchus rufimanus, but there is 
little doubt that this is what they were. It is, therefore, quite evi- 
dent that the insect was present in the different localities a number — 
of years before September, 1909. 


DISTRIBUTION IN CALIFORNIA. 


The principal broad-bean sections in California are around San 
Francisco Bay and down along the coast to a little below San Luis 
Obispo. The insect is distributed all over this. section, having been 
taken or reported from the following counties: Sonoma, Napa, Yolo, 
Sacramento, San Joaquin, San Mateo, Alameda, Santa Cruz, Santa 
Clara, San Benito, Monterey, and San Luis Obispo (fig. 4). Broad 
beans are grown in small quantities in many other counties, usually in 
back yard gardens or in small plots for the green beans. Of late years, 
in several counties, they have been quite extensively planted as cover 
crops, particularly in citrus orchards. Unless great care is exercised, 
which is not often done, in planting uninfested or treated seed, it is 
safe to say that the broad-bean weevil will be found wherever broad 
beams are grown and allowed to come to maturity. The writer has 
found eggs on the green pods of broad beans planted for cover crops 
in Los Angeles, Orange, and Riverside counties. Cover crops, how-— 
ever, are all plowed under before the weevil has had a chance to 
develop. 

SPREAD IN CALIFORNIA. 

The broad-bean weevil probably became established in Alameda 
County, where horse beans were first grown, about 1888. It next 
appeared in Santa Clara County in 1890, and in Santa Cruz, Santa 
Clara, and San Luis Obispo Counties in 1900. By 1904 it was 
reported from San Mateo County; by 1911 from Sacramento and 
Sonoma, by 1914 from Yolo and San Benito, by 1916 from San 
Joaquin, and by 1917 from Napa. 


DISSEMINATION. 


Although the adult insect is an active creature and doubtless can 
fly some little distance, from one field to another, or from where 
beans may be stored to a near-by field, the principal method of dis-— 
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semination is through the transportation from one locality to another 


- of beans infested with live weevils. It is possible for the adults to 


escape both after the beans have reached their destination and while 
they are en route. Planting of these infested beans in a new locality 
is bound to result in an infested crop. 


Fic. 4.—Map of California, showing counties from which the broad-bean weevil has been 
taken or reported. 


NATURE OF DAMAGE. 


Damage caused by the broad-bean weevil is principally due to the 
fact that the larva feeds and transforms to the adult within the 
beans (PI. I, fig. 3, a, 0). Many adults remain in.the beans for sev- 
eral months, and their presence renders the beans unfit for food. 
Some adults emerge soon after forming, leaving round holes in the 


a 
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beans where the tissue was consumed by the larvee (PI. I, figs. 4, a, 6, 
and 5). This“ buggy ” appearance lessens the salability of the beans. 
Infested beans are not only reduced somewhat in weight (see Table 
1) but their germinating power is also lessened, as will be shown 
later on. 


TasLe I.—Showing amount of beans consumed by the broad-bean weevil. 


Weight of | Weight | Percentage 


Num reevils iz Ss 
umber of weevils in beans. 50 beans. | consumed. | consumed. 


Grams. Grams 
INONG soe eceass hee eects Seco eat a: nat Sere eee ae eee toe eee eee CRORC YO) see cencss 4 Aaa oeeere os 
Bae ECR S Erin ean a oie Sena ree aeon Meese measacdstcoaacs | 74, 800 2,170 2.81 
DUS tts te Soa a tae = NOS oe oe nS SOE ae Se ee ee ee | 72,430 4,540 5.89 
Dig alee k Biels oielw elas See ee SIS eye eee OR ete eae ee Se See ee 70,1850 6, 820 8.86 


This table shows that approximately 3 per cent of the weight of a 
bean is consumed by the larva of each weevil developing in it. 


EXTENT OF DAMAGE. 


It is estimated that the area devoted to broad beans commercially 
is at present about 3,000 acres for the dry beans, 100 acres for can- 
ning green, and 1,000 acres for cover crops. In addition many hun- 
dreds of acres are grown in small lots, back-yard gardens, etc., for 
home consumption. The commercial production of dry beans for 
market is at present about 50,000 bags, but has been, before weevil © 
damage became so general, as much as 200,000 bags. 

After a careful survey of the 1916, 1917, and 1918 crops of horse 
beans, and of numerous samples taken by food inspectors of the 
Bureau of Chemistry and the writer, Tables II and III were pre- 
pared. 


Taste IIl.—Summary of the percentage of infestation of the 1916, 1917, and 
1918 crops of broad beans grown in California. 


1916 crop. 1917 erop. 1918 crop. 
Infestation. Per cent Per cent Per cent 
Number | “of total | Number | of total | Number | of total 
of bags. of bags f bags. crop 
OrbO'S parieahitcier. JP sey Sumer te ehh 18,351] 3810] 15,372] 46.46] 6,638 26.75 
B ito lOtpericotit ste ene 3.366] 16.88) 6,855]  20.71| 5,341. 16.16 
10.1 to 15 per cent 5| 1381| 4,904] 14.82] 4629 14.01 
15.1 to 30 per cent 3114] 22.46] 43852] 1466] 10,547 31.93 
‘Above 30 per cent.....-s.s0-.2--0n-0-e-ee- 4,318 8.75| 1,107| —3.35| 3, 681 11.15 


" 
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The damage according to the different horse-bean regions is shown 
in the following table: 


TasLe III.—Summary of the 1916, 1917, and 1918 crops of broad beans showing 
the percentage of weevil infestation by localities. 


1916 1917 1918 


infesta- | infesta- | infesta- 
. tion. tion. tion. 
Sacramento: Per cent. | Per cent. | Per cent. 
DPE NYS TINT LNMEE TE cee eye ate onl a areola cjaiviciciels wadate Grain oiwtaic ea wissa\s «,cia,dralercie'e s 41 63 84.3 
NEL ERR per crater a NE ey hee een eacatteses. 0 0 1 
PASTODAOG cme bicieniet cist ca cisien ema cca ses eese x eae 3 Se ree ae ee 9.09 12.7 22.4 
Oceano-Morro: 
UESECETED CAEL ee EE Sa os aces vie Licte Sines S sicfessigieains wl cimeieiseidiovesnse 50 63 7B? 
VEL TVETYS3ay eee eet ey ey ee Ne eae Sa ee Sac hates 0 0 0 
PARED Ol ee atte Stats tere oy ac iuiriaje diz stese Nid. s/o as 2S alalasts Gh elne leimiais diene cia 14.5 14.5 2.92 
alfmoon: 
URC NENAT TS Pear ea Normale cic einai a ss 2202 ws Sataaeeemee se cesinece see 55 56.6 56 
AVEDEES NITES eireteeee eens nt ere test ee 5 oh EE a ale Le ie 0 ; 0 
PUTAS Cote teres g ere alate a etna seis citi eo wins dere wis ese yate etek edie im elava's- arb eteiabiere,e 13.6 10.9 16.8 
ilroy: 
INERT ELIN eee ee ot ecea fee cts hc Kinde Ds Mase an eens hae aeeSe. 70 Cel ae be 
HULERASEYTELTY epee pen eee each oe 2 eS | eee ees Tae Samia eat 0 Pe ell ee RS 
PSU CLAD Gene ee aire mies ote. 5 5 Seam See cle spicinemics baie 24 GOT Sse cseeiars 


Table II shows that of the entire crop of broad beans for the three 
years 1916, 1917, and 1918, 31.21, 18.01, and 43.08 per cent, respec- 
tively, were above the 15 per cent limit of weevil infestation allowed 
by the Bureau of Chemistry, and therefore could not be shipped un- 
less hand picked. Table III shows that even the average percentage 
of infestation for the entire 1916 crop in the Halfmoon and Gilroy 
regions was above the 15 per cent limit, while the same is true of the 
Sacramento and Halfmoon districts for the 1918 crop. This table 
also shows some interesting data on the increase in infestation. 
Sacramento is a comparatively new district for raising broad beans, 
and at first the weevil infestation was low, but as planting continued 

from year to year, and the acreage increased, the percentage of in- 

_ festation greatly increased, going from a maximum of 41 per cent 
in 1916 to 63 per cent in 1917 and 84.3 per cent in 1918, while the 
average percentage of infestation for the same years increased from 
9.19 to 12.7, and then to 22.4 per cent. Climatic conditions at Sacra- 
mento are adverse to late planting, and early planting as practiced 
there is favorable to heavy weevil infestation. Unless control meas- 
ures are practiced, and only uninfested or treated seed is planted, this 
district soon will be in the same position in regard to the production 
of horse beans that Alameda County has been in for some years. The 
low percentage of infestation in the Oceano-Morro district for the 
year 1918 will be explained later. 

Estimates from bean brokers on the reduction in value of broad 
beans from the infestation of the weevil vary from 25 per cent to 
total unsalability, depending on the degree of infestation. 
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The cost of hand picking to remove the weevily beans also de- 
pends on the degree of infestation, but it is estimated at about $1.50 
per 100 pounds. 

Estimates of the reduction on the total horse ba acreage, because 
of the increase in weevil infestation, range from 25 to 75 per cent. 
Alameda County was formerly the Eas. producer, but at present, 
due largely to the extensive infestation of all horse beans grown there, 
practically no beans are produced commercially. It is also estimated 
that if weevil infestation could be prevented, the acreage for the dry- 
bean crop alone would be increased from 100 to 300 per cent in that 
county. 

It will be seen from Table TII that there is considerable varia- 
tion in the percentage of infestation in the different districts. There 
is also great variation in the number of weevils developing in a single 
bean. In the case of the pea weevil B. pisorwm (fig. 3), with a very 
similar appearance and life history, only one weevil develops in a 
seed, but with the broad-bean weevil there are often two and three 
adults in a single bean, while it is not at all rare to find four, five, and 
even six. The following table illustrates this: 


TABLE 1V.—Summary of the percentage of broad beans infested with different 
number of weevils. 


Num- 
ss 4and5]| Total 
Locality | Year 1 wee- | 2.wee- | 3 wee- 


: ber 
Number beans examined. maieede weevils vil per | vils per | vils per 


raised. per cent 
peck bean. bean. bean. eaneelenicciods 
O00 BA eS BENE e Be aes Hayward 1915 371 367 186 63 13 62.9 
OOO. 2 eee Cac l Asal Ree 0. 1916 331 324 216 95 34 66.9 
A O00R Asses St Sse eee ons | noe do. 1917 781 164 46 9 0 21.9 
UAC UD ate oe ne eic certo Stockton 1917 880 105 14 1 0 12 
POO Lee She ee Hayward 1917 573 227 140 29 31 42.7 
Average eper'Gent. 3) Ae tears isaac 58.9 23.7 12 3.9 1.5 41.1 


LIFE HISTORY. 


The eggs are laid on the outside of the green pods, being cemented 
to the latter by a glutinous secretion. They are laid singly and in- 
discriminately over the surface of the pods (see Pl. I, fig. 1) without 
apparent reference as to whether the position is favorable or un- 
favorable to the newly hatched larva getting into the young bean. 
The number of eggs on a pod also bears no relation to the number 
of beans it contains, as often the former exceeds by many times the 
number of larvee which might develop therein. One pod 4 inches 
long was observed with 55 eggs deposited on it. The following table 
shows the variation in number of eggs laid on a pod. 
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1, Broad-bean pod showing eggs laid upon its surface; 2, broad beans showing entrance holes or 
“stings” of larvee; 3, a,b, broad beans cut open to expose larve of the broad-bean weevil 
and the damage they have done; 4, 5, infested broad beans showing emergence holes made by 
adult weevils in leaving the seed. In figure 5, below the emergence hole, isshowna “‘window.” 


. 


oa 


THE BROAD-BEAN WEEVIL. 9 


TABLE V.—Numober of eggs of Bruchus rufimanus deposited on pods at Hay- 
ward, Calif. 


Total Number eggs per pod. 


Number 
Date. podson | Bumber 
plant, CEES Ber . a 
plant. Maximum.| Minimum.| Average. 
1916 
aes eee eee eee LRA 12 88 17 2 7.3 
one oe ISA, OSE A Ree See Seer 19 153 17 1 8 
April 25 meas: SALLS SS IIE SSP Sh SL 5 30 18 2 6 
2h SS RRR Ee COE ee SC 2-2 12 70 29 1 5.8 
Do pL eeAe ey, Sse COT tT, 14 119 22 1 8.5 
Ey eer crac inioiaceuuhicabsadidce ewes es 8 71 19 4 8.8 
INO 2 2 7 GRE oe oo Soe eee eee 8 48 9 3 6 
BOS Pes OI OLS AMOI Le il 115 23 2 11)3 
1D) Seen eit Ae ee eeee pee eT 10 144 42 8 14 


No eggs were observed by the writer except on the pods, the latter 
varying in size from less than an inch to full growth of 5 inches. 
Most of the eggs are found on the larger pods. 

Although adults have been noticed a number of times crawling over 
the plants during the day, the act of oviposition was never observed. 
It is probable that it occurs late in the evening or at night. 

Efforts to induce oviposition in captivity were not successful, so the 
total number of eggs Jaid by individual females was not ascertained. 

The duration of the egg stage was found to be from 9 to 18 days, 
with an average of 13 days. A few days before hatching the dark 
head of the oe onic larva can be seen plainiy fragt the egg- 
shell. The larva draws its head back, leaving about one-quarter of 
‘the shell hollow. For about a day the position appears to be un- 
changed, then gradually as the larva eats through the side of the 
shell attached to the pod and into the pod the clear space in the 
shell becomes larger until the latter is entirely empty, having a 
glassy and transparent appearance. It usually takes about two days 
from the time the larva begins eating through the shell until it is 
entirely out of the latter and into the bean pod. 

The young larva begins feeding when tlie bean is green, and it is 
well along toward maturity before the bean dries up. The amount of 
food consumed is small compared with what other insects eat. It ap- 
pears that the young larva often eats out a short tunnel, advancing a 
little distance from the point where it entered the bean. When the 
larva gets larger it eats out a hole somewhat its own shape, and about 
50 per cent larger, as is shown in Plate I, figure 3, a and d. 

When the larva reaches maturity, and just before pupating, it eats 
out a round hoie in the cotyledon, directly under the epidermis. The 
hole is plainly seen through the half-transparent skin or “ window,” 
which is broken easily by the adult weevil when it is ready to emerge 
(see upper beans in Pl. I, fig. 5). The hole is seldom at the spot 
where the larva entered, pe at. varying distances from it. The 

132902° 
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point where the young larva entered, sometimes called the “sting,” 
plainly shows on the dry bean as a dark spot varying in size from | 
a pinpoint to almost as large as a pinhead. This is illustrated in 
Plate I, figure 2, a and 0. 

Mortality among the larve after entering the beans is rather high. 
This is so both in the case where by far more larve enter a bean than 
could develop in it, and in the case where only one or two larve 
enter, although the percentage of mortality is less with the latter than 
with the former. Table VI graphically illustrates this point: 


TABLE VI.—Comparison of the number of larve of Bruchus rufimanus entering 
beans with the number reaching maturity. 


| 


Percent- j 
. Percent- 
Maxi- | Average age of | Percent- 
Pmaber Number} mum | number ANOIBES larvee age of Beco 
Number of beans. | Ontorin f number | of larve | | ache entering | beans infested 
lars Gane & | adults. | of larvee entering ee beans | entered |. ai 
; entering | a bean. Y-| reaching | by larva. aateis 
a bean. maturity. 3 
OOS eee neces 263 132 10 2.63 1.32 50.1 85 70 
MOORS Pease a eee 199 95 a 1.99 95 47.7 78 63 
OU S2 See ees ae 226 86 16 2.26 86 38 80 58 
HOO See sis Sol ee 72 16 9 12 16 22.2 40 15 
B00 Pests Se eee a ee 54 29 5 54 29 53.6 39 26 
Average........ 162.4 71.6 9.4 1.62 71 42.3 64.4 46.4 


It will be seen from the table that although as many as 16 larvee 
may enter a single bean, the average number is about 2, and a total — 
average of a little over 40 per cent reach maturity. Comparison — 
with Table IV shows that while a maximum of from 5 to 16 larve 
may enter a bean, the percentage of beans containing more than 2 
adults is small. 

The larval stage is from 10 to 15 weeks, the average being about 
12 weeks. - 

Immediately after eating out the round hole in the cotyledon, 
already referred to, the full-grown larva becomes quiet, and in a 
short time pupates. At first the pupa is the same color as the larva, 
but gradually turns darker until it is a dark brown. 

The pupal stage is from 7 to 16 days with an average a 10 days. 

When the adult is first formed it is light brown a very soft, 
but it gradually turns darker and becomes harder. The adult may 
soon eat its way out of the bean through the “ window ” prepared 
by the larva, or it may remain in the bean for several months. In 
fact many adults never emerge from the beans at all, but die in them. 
If the weather is warm, or the beans are handled much, the weevils — 
are apt to emerge from the beans sooner and in greater numbers 
than if the weather is cool and the beans are not handled much. 
Many of the adults emerge from the beans after the latter have been 
planted. The duration of the adult stage varies considerably, de- 
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pending on the weather conditions, from one month to a possible 
eight months. Table VII gives a summary of the life-history 
records. 


TAsLe VII.—Life history of the broad-bean weevil in California. 


~ heb Te per pee ee 
. ges tion 0 tion o ion 0 . ion of] lengt 
Locality. eid: Tlatched. egg Pupated. Teaoal Adult. pupa Died. adult)” of 
stage. stage. stage. stage. | life. 
1917. 1917. | Days.| 1917. |Days.| 1917. | Days. Days. | Days. 
Pasadena .} May 3] May 15 12 | Aug. 19 96 | Aug. 27 8 | Sept. 27,1917 31 147 
Hayward .| May 11] May 24 13 | Auz. 29 98 | Sept. 8 10 | Feb. 8, 1918 152 273 
“pyc UG) 3) eee eS ee (ee Sept. 3 /J...-.. Sept. 12 9 Dec. 7,1917 SOW Pace wce 
1918. 1918. 1918. 1918. 
mlbambra.| Apr. 9'}...--..-..]...-..- LY 263 | eee Aug. 4 
(LATE) i A lo ee | UNUM Beaodne Aug. 21 
PMINAMPIA. | -00..5 |... .-00-2-|---6 Cees UES a7 eee ec Aug. 30 8 
Alhambra.| Apr. 28} May 5 9| Ang. 5 90 | Aug. 12 7 | Apr. 23,19191] 253 359 
Alhambra.| May 6 | May 17 US| Se doliees 80 |...do....- 7 | Dec. 26,1918 137 235 
Alhambra.| May 7] May 20 13 | Aug. 22 94 | Aug. 30 8 | May 31,19191| 274 393 
Albambra.| Apr. 28 | May 7 9 | Aug. 12 97 | Aug. 28 Sh) SE ee aoa ee Lan any eer ie 
Alhambra.| May 17 | May 27 10 | Sept. 10 106 | Sept. 17 Uhl QE SCRE Te SEO Meee mais beet 
Alhambra.| May 17]June 2 16 | Aug. 5 64 | Aug. 13 8 | Dec. 6,1918 114 203 
Alhambra.| May 17] June 4 18 | Aug. 30 87 | Sept. 13 14 | Noy. 30,1918 78 197 
Alhambra.} Mar. 14 | Mar. 28 LA rector he ed oe | ec stte eatl| om cer el | oe eee coe ther |e Sede oe 


EVETA GCS Ni. Fuel a|aseccen ase IDR tay Lise a ae 90 


1 Theoretical, showing possible life history from two records. 


SEASONAL HISTORY. 


Egg laying begins about the middle of March, is heaviest in April, 
and extends a little beyond the middle of May. The larval period 
is from the latter part of March to the middle of October. Pupe 
can be found from the first of August to the latter part of October, 
and adults from the middle of August to about the following June. 
Tables VIII and IX show the actual records of the seasonal history 
for 1917 and 1918. 


TasLE VIII.—Seasonal history of Bruchus rufimanus in Pasadena and Alhambra, 
Calif. 


First Last First juss? First Last 


eave eggs eggs eggs eges full- full- First Last First -| Last 
ob- ob- p own | grown | pupa. | pupa. | adult. | adult. 
served. | served. hatched.) hatched. nae larvee. 


LCT apes RVers) May 420) |e oe ease |aeee coe Aug. 1] Oct. 19) Aug. 3] Oct. 22| Aug. 10 (4) 
i ee Mar. 14| May 19| Mar. 28| June 4/| July 16] Sept. 26| July 18| Sept. 28| July 25 


1 About June 1, 1918. 
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Taste IX.—Graphie chart of life history of Bruchus rufimanus for seesons 
of 1917-18 and 1918-19. 


Jan. Feb. Mar. Apr. | May. | June. | July. | Aug. | Sept. Oct. | Nov. Dec. 


Eggs, een ate tn Beets [ert D 


Larvee, ~| [ERD . pycepe 3) - fA go yc lla AO ote 


Pupe, Beale nssee| be Saeeee 


Adultssreriite sase|| & °° | Fe sles | ae > 14 er eel Ae bee: ee lee ee 


Continuous line=1917-18. Broken line=1918-19, 


Although a few adults may be found as late as June, the majority 
die before the end of March. During 1917 a number of badly in- 
fested beans were inclosed in a box. Ten per cent.of the weevils 
were dead by February 1, 50 per cent by March, and 90 per cent by 
the 1st of April. A very few remained alive until June. The re- 
sults of field observations at Hayward during 1918 as to the preval- 
ence of weevils in the fields are recorded in figure 5. Each count 
represents an examination of horse-bean plants for a period of 15. 
minutes. 


MARCH APRIL war  YLNE 
1Q@ 25 7 go 15 20 27 & 4/7 48 BS” 7 ) & Ai 22 


HACEEE EEE EES 
As Viol | et [al is il is Tg 


Tig. 5.—Curve showing abundance of broad-bean weevils in a field at Hayward, Calif., 
1918. 
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Adults have never been observed in the field before the latter part 
of March, but it is evident that some of them must live through the 
winter, hiding in the soil, or among rubbish, leaves, etc. In experi- 
ieutal plantings of gested beans, both in the fields and in pots, 
live adults have been observed to come out of the soil several days 
after planting. In one case a germinating bean was dug up two 
weeks after it had been planted, and a live weevil, which had emerged 
from the bean, was found clinging to it. In another germination 
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test, beans were taken from pots 20 days after planting, and a live 
adult found in one of its burrows in a bean that had germinated. 

When disturbed, the weevils have the habit of folding their legs 
tightly and feigning death. On the plant they will fall to the 
ground, but quickly become active. In the sack or on a table they 
are apt to remain quiet, “playing possum” for some time, and it takes 
quite a prod with a pencil or pin to make them become active. 


GERMINATION TESTS OF INFESTED BEANS. 


A number of tests were made to determine the effect of weevil in- 
festation on the germinating power of the beans and at the same 
time compare new seed and that held over a year. 


Taste X.—Germination tests of infested and noninfested beans; new and 
year-old seeds. 


New crop seed, percentage of Old crop seed, percentage of 
germination— germination— 
| 
Date. With |With |With | With |With Date. With |With |With |With |With 
no 1 2 3 |4and no 1 2 3 |4and 
wee- | wee- | wee- | wee- |5 wee- wee- | wee- | wee- | wee- |5 wee- 
vil. | vil. | vils. | vils. | vils. vil. | vil. | vils. | vils. | vils. 
Apr. 26, 1916....-... 98 90 60 Te oes Oct. 27, 1916....... 96 94 86 S8ule cee. 
Nov. 20, 1916....... 98 92 68 OS eee Nov. 20, 1916.....- 100 90 99 99 75 
Dee. 1, 1916.......- 96 94 86 ttn Pease Dec. 1, 1916....... 99 70 90 EOE Bescon 
Dee. 13, 1916....... 86 60 54 50n Sess Dec. 13, 1916...... 88 64 DG) | eel mee aes 
May 8, 1916....-...| 100] 100 92 92 87 || Mar. 22, 1918.....- 84 72 89 24 44 
Mar, 2251918... 422 92 88 88 13 ees Oct. 17, 1918.......| 100 38 54 Sle szicete 
Oct. 17, 1918.... 98 68 26 28 52 
Apr. 28, 1916....... 98 90 88 68 70 
Average............ 95.7 | 82.7 | 72.7 | 71.1 | 69.6 || Average.........-. 93 | 71.1 76 69 59 


Average of infested beans..-...-...-.-----2---,-- 74 || Average of infested beans..........-- eeecaee ee 66 


This table shows that as the number of insects per bean increases, 
the percentage of germination decreases. The drop is about 20 per 
cent from perfect beans to those infested with one weevil, and some- 
what less for each weevil up to the maximum of 4 and 5 weevils, 
which gives a germination of 60 or 70 per cent. The table also 
shows that the percentage of germination is a little more with new 
crop seeds than with those held over for a year. 

The table, however, does not show the reason for the low germina- 
tion in the infested beans. In only a few cases does the insect actu- 
ally injure the embryo or germ, but by far the greatest damage comes 
from the fact that the holes made by the insects allow bacteria or 
fungi to enter, which cause the beans to rot. In a number of cases 
rotting takes place soon enough to prevent germination entirely, 
but a large number of beans are killed also after the seed has actually 
germinated, and before the shoot can get out of the ground. Rotting 
of the seed is much worse during cool or cold weather, when germi- 
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nation is slow, than during warm weather, when germination takes 
only a few days. One germination experiment had to be discarded, 
as rotting of the seed was practically 100 per cent. In another test, 
the soil was sterilized with formalin, and germination was perfect, 
not only with uninjured beans, but also with those having 1, 2, and 3 
weevils in them. Those having 4 and 5 weevils gave a 92 per cent 
germination, the balance being injured in, or too close to, the germ. 


Fic. 6.—Broad bean cut in half to show pupal cell of the broad- 
bean weevil containing predacious mite (Pediculoides ven- 
tricosus). Enlarged. (Chittenden.) 


Whether infested beans produce weak plants or small crops, was 
not determined, but it was observed many times that the sprouts 
from infested beans were much less vigorous than those from perfect 
beans. 

NATURAL ENEMIES. 


The only natural enemy of Bruchus rufimanus observed during 
the investigation was a predacious mite, Pediculoides ventricosus 
Newport (fig. 6). This was observed a number of times, but only 
a small fraction of 1 per cent of the insects were affected. Mr. W. 
B. Parker reports having observed a beetle in the clutches of the 
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ruduviid bug Zelus renardii Kolen. Several hymenopterous para- 
sites* are recorded by European writers, but have not been observed 
in this country. 

CONTROL MEASURES. 


It is obviously impossible, at least from a practical standpoint, to 
prevent infestation of the beans in the field by such methods as the 
application of poisons or deterrents. Any control measures, there- 
fore, must be toward keeping the adults from getting into the fields, 
or, in other words, must consist of planting seed which contains no 
live weevils. 

Mr. W. B. Parker reports good success in treating infested beans 
with water heated to about 150° F. (160° and over affects germina- 
tion) for from 15 to 20 minutes. This might do for small gardens, 
but is obviously impractical for commercial plantings. 


DRY HEAT. 


A series of experiments was carried on to determine the degree 
of heat and the length of time required to kill the weevils. Pre- 
liminary experiments showed that exposing infested beans to from 
120° to 160° F. for from 5 to 40 minutes did not kill all the weevils. 
Following is the result of the final experiment. Heat was supplied 
by electricity. For each test a sack of about 2 pounds of beans 
was used in a fumigating box with a capacity of 60 cubic feet. 
Later the beans were carefully examined to find whether they con- 
tained live or dead weevils. 


TABLE XI.—ZH/ffect of dry heat on the broad-bean weevil. 
e 


Date treated. Date examined. Ory Time 


treated. Result. 
Minutes 
160 30 | Some alive. 
160 40 Do. 
160 40 Do. 
170 20 Do. 
170 20 Do. 
170 25 | All dead. 
170 30 Do. 
170 30 | Some alive. 
170 40 | All dead. 
180 15 | Some alive. 
180 20 | All dead. 
180 20 | Some alive, 
180 30 Do. 
180 30 | All dead. 
180 40 Do. 


These experiments indicate that dry heat is not a satisfactory 
remedy for the broad-bean weevil, because in order to be effective 


it has to be so high that the germinating power of the beans may be 


1Sigalphus pallipes Nees, Sigalphus thoracicus Curt., Chremylus rubiginosus Nees 
(1, p. 57). 
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destroyed. The experiments were carried on mostly in the fall, 
shortly after all the adults had formed.’ Other experiments during 
the spring, toward the end of the life of most of the weevils, gave a 
complete killing with a lower degree of heat and a shorter time. 

Treatment of from 125° to 145° F. for several hours, as recommended 
for bean and pea weevils in a recent Farmers’ Bulletin (7), was not 
tried. Experiments indicated, however, that the horse-bean weevil 
is more difficult to kill than the ordinary bean weevil. Unless the 
heat can be easily controlled and not allowed to go much above 145°, 
other remedies will be much safer to use. 


FUMIGATION. 


Sulphur was first tried, using varying strengths up to 2 pounds 
to 100 cubic feet of space for a period of 3 hours, and proved un- 
successful. 

The standard remedy for bean weevils, carbon disulphid, was- 
next tried. The experiments were arranged to compare the effect 
of infested beans fumigated while the insects were in the immature 
stages and after all had reached the adult stage. Examination of 
beans during the experiment gave the following results: 


TABLE XIT. a ea of Bruchus wrufimanus Aug. 15 and 17, 1918, at Al- 
hambra, Calif. 


t Per cent. 

One-half to three-fourths “grown datye ue SS AS ba TOW SLOPES OS 37.6 

Full) grown larve-_—22---2---_+_ fn sel a peel a ee ee, 209 

Total larve meet esELeS = LEINSTER AE GLEBE 58. 5 
PU 0s See eer ae at es ona Ee a ae Wo es en 20. 

AN UUTTS kh NI eh Soa Sn eA PU 


TasBLE XIII.—H/fect of carbon disulphid on the broad-bean weevil. 


Percentage of beans with all weevils dead. 


Exposed 18 hours. | Exposed 24 hours. 
Pounds CS ¢ per 1,000 cubic feet. 


Treated | Treated | Treated | Treated 


in in in in 
August. | October. | August. | October. 


8 | 
010; $12; 5; D0. ek ies a pen cL eee hen ae eee ae ls eee EEO RE eae | 100 


Conclusions from the carbon disulphid fumigation experiments: 

1. Exposure in October when the insects were in the adult stage 
gave a 20 per cent better result than in August, when they were in 
the larval stage. 
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2. A 24-hour exposure gave only about 2 per cent better results 
than one of 18 hours, 

3. A 48-hour exposure gave about a 5 per cent better result than 
one of 24 hours. 

4, Seven pounds to 1,000 cubic feet for 24 hours was the least 
amount to give a 100 per cent killing. 

5. Germination is not affected by the treatment, as beans treated 
with 15 and 20 pounds per 1,000 feet for 24 hours gave 95 and 97 per 
cent germination. 

Contrary to expectations, it was found that fumigating while the 
insects were in the larval stage was less effective than in the adult 
stage. A glance at Table XII will show that when the first fumiga- 
tion took place in August, almost 40 per cent of the larvee were not 
full grown. These were still eating within the bean, and had not 
come up to the epidermis and formed the “ window ” through which 
the adult emerges. It is evident, therefore, that the gas can not pene- 
trate into the interior of the beans to the partially grown larve as 
easily as it can reach the full-grown larvee, pupe, or adults directly 
under the skin. 

It was further observed that in the beans fumigated in August a 
number of full-grown larvee and pupze had been killed. 

Lengthening the time of exposure did not greatly increase the 
percentage killed. This conforms to the opinions of Dr. W. E. 
Hinds (6) of the Alabama Experiment Station, who says, “As a 
matter of fact, most, if not all, of the killing will have occurred 
during the first 6 hours of the exposure, and the building may be 
ventilated after that time, as a minimum, has elapsed, although it is 
better to wait 12 hours or longer.” On the effect of carbon disul- 
_phid on the germination of the seeds, Dr. Hinds states: “ It would 
appear from numerous tests that there is practically no danger of 
injuring germination in treating seeds that are well matured and 
dried out before treatment is given. Jt would not be wise to treat 
moist seeds, or planting seed of any kind, during periods of very 
humid atmosphere, as the seeds might take up enough moisture to 
make them liable to injury from the vapor.” 


HOLDING OVER SEED. 


Life-history studies showed that the horse-bean weevil had but 
one generation a year, that it did not breed in the dry beans, and 
that the last few remaining live adults died by the ist of July. 
By merely holding the beans over, therefore, until the second year, 
they will be uninfested as far as live weevils are concerned. The 
beans should be stored in sacks or containers tight enough to pre- 
vent any live weevils getting out during the first season. 
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By referring to Table X, it will be seen that the germination of 
old seed is only slightly less than that of new seed. 

Mr. Ronald McKee, in his bulletin on horse beans (8) previously 
mentioned, states: “ Horse-bean seed retains its vitality for a num- 
ber of years. * * * Germination tests of seed 4 years old of a 
number of varieties grown at Chico, Calif., showed little or no 
deterioration.” 

It can not be emphasized too strongly that any control measures 
to prevent weevil infestation should be undertaken by the entire 
community and not by a few growers. If all growers in the horse- 
bean districts would plant either absolutely uninfested beans, seed 
which had been given a thorough treatment with carbon disulphid, or 
seed which had been held over until the second year, the resulting 
crop would be of a very much higher quality as regards freedom 
from weevil infestation. 


LATE PLANTING. 


It has been observed for some time by horse-bean growers and 
buyers that the crops from seed planted early in the season were 
likely to be infested more badly than those from seed planted later. 
Tn administering the Food and Drugs Act, inspectors of the Federal 
Bureau of Chemistry collected samples of horse beans from all parts 
of the State, and ascertained for each sample the time of planting 
and the percentage of infestation. From the data furnished by 
them, and from samples taken and tested by the writer, the follow- 
ing tables were compiled. In Table XIV the growers did not know 
the exact date of planting, but remembered only whether they were 
planted early or late. 


TABLE XIV.—Comparing the degree of weevil infestation in crops planted 
early and late. Data from all horse bean districts in California. 


Planted early.! Planted “later. oY Planted late. 
Rear Number | Percent-] number | Petcent-| wumber | Percent- 
of sacks. | 28° Of1D-| of sacks, | 88¢ Of1D-| oF sacks. [ase ofin- 
festation. festation. * |festation. 
LON Gina she soci see eee aS eee 17,100 S205 | Pesemes ace|testeeeiacace 5, 380 6.3 
1) Vaeee nee Seer eemnemian care Sommnrin Rta 1, 500 | 34.3 1,990 18.77 1, 960 6.5 


1 Early means previous to January 1; late, subsequent to March 1. 


Whenever possible, the month of planting the seed was ascertained 
in connection with the degree of infestation, and these data are given 
in Table XV. 
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TasLe XV.—Comparing the degree of weevil infestation in horse beans from 
all districts in California, planted in different months. 


Year. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. 


Per cent.| Per cent. | Per cent.| Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 
1 


1916< 22. ee siete rete alec 46 47 15.2 14.4 5.2 9.6 

I (a0c0 cece Aooee hone. eopeoscies 50 15.6 17.5 8. 21 17)" || Spomncenod pecmocTiane 

TOES on cot BGA coe S EECA BEaee ee ee 30.1 19.1 18.5 15.7 12.9 4.3 -8 
ANI GNTE Eade ade locanenaece 42.3 16.6 16.7 Chill 11.5 2.6 4 


To test this out further, plantings of horse beans were made at 
Pasadena, Alhambra, and Hayward, for the years 1917 and 1918, 
in which a certain number of beans were planted each month, and 
when harvested carefully examined to find out the percentage of 
infestation. The results are given in Tables XVI and XVII. 


TABLE XVI.—Showing the percentage of weevil infestation of beans planted 
during certain months at Pasadena and Alhamora. 


Year. Nov. Dec. Jan. Feb. Mar. Apr. May. 
TMU ome sede Abodes doncn eopescd sotoeaoege 17 11.5 12 7.5 5 2.6 
ISMES. cacao cnonagemons seuedeis oon 43.5 45 15.5 8 TOY eee tes elem Sa re = 


1 Degree of infestation for 1917 crop found by counting larval entrance holes, which are about 50 per cent 
greater than number of adult weevils. 


TaBLE XVII.—Showing the percentage of infestation of beans planted during 
certain months at Hayward, Calif. 


These tables clearly show that the later in the season the seed is 
planted the lower the percentage of infestation will be. A possible 
explanation of this may be found by referring to the seasonal history 
of the insect, which shows that egg laying begins about the middle 
of March, is heaviest in April, and extends to the middle of May. 
Figure 5 shows also that at Hayward the first adults were observed 
in a broad-bean field on March 18 and that the number constantly in- 
creased each week to May 4, after which the number decreased as 
constantly until June 15, the last date any were observed. Since the 
eggs are laid only on the pods, it follows that any plants which pro- 
duced pods prior to or during April will be subject to the greatest 
egg deposition, and pods produced subsequently to the latter part of 
April would be lable to little or no egg deposition. 

Seed planted from October to February begins setting pods in 
March and April, while seed planted from the latter part of February 
to May will begin setting pods from the latter part of April to June. 


7 
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It would seem, therefore, from consulting the tables giving the ‘per- 
centages of infestation for seed planted in different months, from 
the insect’s life history, and from the rate of growth and pod setting 
by the plant, that whenever possible it will be advisable to delay the 
planting until from the latter part of February or the first of March 
to May. A glance at Tables XIV and XVII will show that plantings 
prior to February and March show much higher percentages of 
infestation than those planted subsequently. 

This contention is further borne out in the experience of the 
Oceano-Morro district in San Luis Obispo County. It was the cus- 
tom there to begin planting about November, continuing all winter 
and spring. For several years the horse beans had been seriously i in- 
fested sith the bean aphis (Aphis rwmicis L.) which also did severe 
damage to the later planted crops of small white and pink beans. 
Assuming that the early planted horse beans acted as a winter host 
for the bean aphis, propagating it in great numbers before the more 
extensive plantings of other beans were made, the horticultural com- 
missioner persuaded all horse-bean growers to delay planting in the 
1917-18 season until March 1. This agreement was adhered to with 
a few minor exceptions, and the result is shown in- Table III. The 
maximum and average percentages of infestation for the Oceano- 
Morro district for 1916 are 50 and 14.5 per cent and for 1917, 63 and 
14.5 per cent. In both these years a good share of the crop was from 
seed planted early, that is, from November to March, but in 1918, 
when practically no seed was planted until after March 1, the maxi- 
mum and average per cent of weevil infestations are 17.2 and 2.92, 
a reduction of over 75 per cent. The majority of the plantings were 
not infested at all, particularly those which had been planted in 
April and May. 

The planting season begins soon after the first rains, or ordinarily 
in October and Necomeee in some sections, while in others it is de- 
layed until spring. The former are the drier inland sections where 
the crop must be matured before the warm dry weather of the early 
summer, and the latter are the low, cooler, coastal valleys where the 
summer heat is not high enough to affect the crop. 

The earlier plantings, especially in the dryer sections, usually pro- 
duce larger crops than late plantings. This is particularly true 
where the beans are raised without irrigation. The climate and soil 
conditions, therefore, as well as the availability of irrigation water, 
must be taken into consideration in arranging for a delayed planting 
program. Where late planting can not be practiced because of these 
conditions, it is especially important that all seed either be unin- 
fested or treated to kill the weevil before planting; but where con- 
ditions are favorable, planting should be delayed as late as is com- 
mensurate with getting a good crop. 
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RECOMMENDATIONS. 


Only uninfested or treated horse beans should be used for seed. 
All horse beans used for seed which are infested with the broad-bean 
weevil either should be treated with carbon disulphid or held over 
in tight receptacles until the second year, when the weevils will all 
be dead. 

Carbon disulphid should be used at from 7 to 10 pounds per 1,000 
cubic feet, for at least 24 hours, in a box, barrel, or room as air-tight 
as it is possible to get. The smaller amount is effective in perfectly 
tight receptacles, but the larger amount should be used if the fumiga- 
ting box or room is not tight. The liquid should be placed in a shal- 
low pan at the top of the box or poured over the seed. 

Infested seed which has not been treated and is held in warehouses 
or barns near broad-bean fields, except that held over for seed until 


the second year in tight receptacles, should be disposed of or fed be- 


fore the planting season. 

Badly infested seed should be ground up in feed mills immediately 
after harvesting. 

Planting should be delayed until as late as possible, preferably 
after March 1. In the dryer and hotter localities where this is not 
possible, it is especially important to plant only seed which is unin- 
fested or has been treated to kill the weevil. 

All growers of horse beans should cooperate in carrying out these 
measures. : 


SUMMARY. 


Broad-bean growing has been handicapped seriously by the pres- 
ence of the broad-bean weevil (Bruchus rufimanus). 

Although the first record of this insect’s establishment in America 
was in 1909, it probably has been here since about 1888. 

It is found in the entire broad-bean section of California. 

The weevil not only lowers the value of the beans but has greatly 
reduced the acreage planted to that crop. 

The insect has but one generation a year and does not breed in dry 
beans. 

The egg stage is from 9 to 18 days; the larval stage, 10 to 15 
weeks ; the pupal stage, 7 to 16 days; and the adult stage, 1 to 8 
“aoa 

Eggs are laid on the green bean pods in the field from the middle 
of March to the middle of May; the larve reach maturity from 
August to October, while adults can be found from August to the 
following June. 

Germination of infested beans is from 20 to 40 per cent less than 
that of uninfested beans. 
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Germination of seed a year or more old is only slightly less than 
that of new seed. 

There are no natural enemies of the broad-bean weevil of any con- 
sequence in America. 

It requires 170° to 180° F. for over half an hour to kill all of the 
weevils in broad beans. 

Sulphur is unsatisfactory as a fumigant. 

Carbon disulphid at the rate of 7 pounds per 1,000 cubic feet in 
a tight box for 24 hours kills all the weevils. 

In seed held over until the second year all the weevils are dead. 

Beans from crops planted late, after March 1, are much less in- 
fested than those planted earlier, from November to March. 
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INTRODUCTION. 


Owing to the chaotic condition existing until recently in the classi- 
fication of the genus Harmolita (Isosoma), it has been practically 
impossible to obtain specific determinations, and this fact has largely 
prevented economic workers from undertaking detailed life-history 
studies of the various species. Some members of this genus are of 
great economic importance, the losses directly traceable to them 


'1The writer wishes to acknowledge his indebtedness to various members of the branch 
of Cereal and Forage Insect Investigations who furnished material from time to time for 
breeding work, but more particularly to Messrs. W. T. Emery, Philip Luginbill, and 
T. H. Parks, and to Dr. Henry Fox, who have been associated with him and have ren- 
dered valuable assistance in breeding, and to Mr. A. B. Gahan for kindly criticisms of 
the manuscripts. 
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running into the millions of doNars every year. Despite this fact 
very little has been known concerning the identity and habits of the 
species which cause these losses. For example, it was not known 
definitely whether Harmolita tritici Fitch, the most important mem- 
ber of the genus, had a dozen host plants or whether it was confined 
to. wheat alone. The object of this paper, therefore, is to place on 
record in as brief a manner as possible the main facts, in so far as 
they have been developed, in the life histories of the species that 
have been studied thus far, and to propose a basis for control. 

The species infesting the grain crops will be considered first, then 
those affecting the cultivated grasses, and lastly the species living in 
wild grasses. Nearly every species is of either direct or indirect 
economic importance. Those affecting the grain crops and the culti- 
vated grasses are obviously of direct economic importance because 
of the very considerable losses entailed by their depredations or their 
potential capacity for injury. The importance of the different 
species varies greatly since the damage inflicted by some is far 
greater than that caused by others. The economic aspect of those 
species affecting wild grasses is less obvious. They do not cause a 
loss to the farmer, but on the contrary probably are an advantage to 
him, since they serve as intermediate hosts for the many parasitic in- 
sects which play such an important role in the natural control of the 
species infesting cultivated crops. Without these intermediate hosts 
it is doubtful whether some of the parasites would be able to main- 
tain themselves under the abnormal conditions created by cultiva- 
tion. The more important species of parasites are common to the 
majority of species of Harmolita, however, and consequently are able 
to survive, those periods during which there is a lack of hosts breed- 
ing in cultivated crops, by turning their attention to related species 
breeding in wild grasses. 

It is difficult to estimate the value of jointworm parasites in terms 
of dollars and cents to the wheat-growing regions east of the Mis- 
sissipp1 River. The writer is convinced, however, that farmers would 
have been obliged to resort to artificial measures of control for the 
wheat jointworm years ago had it not been for the efficiency of these 
parasites. The parasites of the jointworms will be treated in a paper 
to be published subsequently. 


SPECIES INFESTING THE GRAIN CROPS. 
THE WHEAT JOINTWORM.: 
Harmolita tritict probably is the most important species in the 


whole genus, since it causes very serious losses in nearly all the wheat- 
producing States east of the Mississippi River and in a large part of 


1 Harmolita tritici Fitch., 
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Missouri. It has been known as a serious wheat pest since 1848 and 
it is strange that it has not extended its range into the great wheat- 
producing States of Texas, Oklahoma, Kansas, Nebraska, the Da- 
kotas, and farther west. At present no satisfactory explanation of 
this fact can be offered, although the species undoubtedly will invade 
that part of the country sooner or later. Harmolita tritici has been 
confused in literature with ZZ. hordei, H. secalis, H. captiva, H. va- 
ginicola, H. elymicola, and doubtless with others. It was first de- 
scribed by Asa Fitch (3)1 in 1859 as Hurytoma tritici and was sub- 
sequently described under several names by various authors. En- 
tomologists disagreed for years regarding this species before the 
phytophagous habits were definitely established. 


MANNER OF INJURY. 


A plant infested by the wheat jointworm may not show any ex- 
ternal signs of infestation whatever, or the stems may be distorted 
and have wartlke elevations on them (PI. II, C). In any case the 
stem at the point infested is hard and woody and where there is no 
distortion the point of infestation may be readily detected by pinch- 
ing the stem between the thumb and forefinger. These infested 
places usually occur above the second or third joint from the root 
but may occur above any joint. In badly infested fields several 
joints may be affected and a large number of plants may fall (PI. I, 
‘B), thus greatly reducing the yield. It is not necessary, however, 
that the plants fall or lodge to reduce the yield greatly. The writer 
has taken heads from healthy and from infested stems, carefully 
measured them against one another, and has found that the grain 
of the infested plants from the same number of heads of exactly the 
same length as the uninfested were very much lighter and of much 
smaller volume (PI. I, A). 

When plants lodge or fall to a considerable extent the yield is 
far more reduced than when the plants remain standing. In the 
first place, the plants that fall, in nearly every case, will escape the 
binder. Should the binder reach them they will be bound so near 
the butt of the bundle that most of them will fall out with subse- 
quent handling. Could they be bound securely the yield would 
scarcely be 50 per cent as large as that from heads of equal length 
taken from normal plants. The grains, moreover, are small and 
somewhat shriveled. The inferior grain seems to be due to improper 
nourishment during the growing period. The young larve develop 
in the walls of the stem and disarrange the fibro-vascular bundles, 
thus greatly weakening the stem at this point. A storm, light rain, 
or heavy wind will cause the plant to bend over at the point of in- 


1 Numbers in parentheses refer to ‘‘ Literature cited,” p. 26. 
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festation, as the plants are thus made much more top-heavy. As the 
growing larve consume proportionately large amounts of sap, the 
developing wheat kernels are constantly robbed of their nourish- 
ment and suffer accordingly. 

A field of wheat badly straw-fallen usually is attributed to the 
depredations of the Hessian fly by the average farmer, and very 
often the fly is wrongly credited year after year, in the States east 
of the Mississippi River, with serious and widespread injury that is 
chargeable to the jointworm. 


HOST PLANTS. 


During repeated trials covering a number of years this species was 
never induced to breed in any plant but wheat. It never has even 


RRQ REE 


Fig. 1.—The wheat jointworm (Harmolita tritici): Adult female. 
Greatly enlarged. (The head is tilted back somewhat so as to 
show the groove in front.) (Author’s illustration.) 


been observed to attempt oviposition in any other plant. The stems 
of barley and rye particularly do not differ greatly from ete but 
they seem to be distasteful to tritici. 


LIFE HISTORY. 


There is only oné generation a year. The adults (fig. 1) emerge 
in May and deposit their eggs in the stems of growing wheat just 
about the time the heads begin to appear. The life of adults lasts 
from a few days to a week or more, depending upon the temperature. 
The eggs (fig. 2, a, 6) hatch in about 10 days. The larve mature in 
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JOINTWORM FLIES OF THE GENUS HARMOLITA. 


H. tritici: A, Cell with the top lifted off exposing the larva (greatly enlarged); B, pupa 
(greatly enlarged); C, characteristic galls (about natural size). 
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about three weeks or a month from date of oviposition. They molt at 
least three times and possibly four. The larve (Pl. II, A) are 
yellow, footless grubs, 
three-sixteenths of an 
inch long at maturity. 
They remain in the lar- 
val stage until late fall 
or early winter, when 
the majority usually 
change to pupe (PI. II, 
B), the remainder pupa- 
ting very early in the 
spring. 
Males normally occur, 
although in confinement 
this species will breed 
parthenogenetically, in g bB C d\\e 
which case the progeny 
are all males. 


THE WHEAT STRAW-WORM.* 


Harmolita grandis 
ranks next to the wheat 
jointworm in import- 
ance as an enemy of 
wheat. Were it not for 
the ease with which it 
can be controlled it 
probably would be more 
destructive, and might 
even command greater VEE 
prominence than the 
Hessian fly, due to the ie 
fact that there are two 
generations a year. At 


any rate, it is at present Fic. 2—Eggs of species of Harmolita: a, H. tritici, 
i] t : tant f after oviposition; b, H. tritici, before oviposition ; 
ne most important oO ec, H. elymivora, before oviposition; d, H. hordei, 


the jointworm group after oviposition; e, H. hordei, before oviposition ; 
Ailes = H. grandis, f inuta; g, H. agropyropimia, 
west of the Mississippi Os a a Ma teat ia ein 


All greatly enlarged. (Original.) 
River, where it often 
causes widespread injury. H. grandis is probably the most widely 
distributed species in the United States, occurring usually in greater 
or less numbers wherever wheat is grown. Though occurring in 


1Harmolita grandis Riley. 
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practically every wheat-growing section east of the Mississippi 
River, it rarely has caused any serious losses in recent years, al- 
though it exacts a small toll annually. This possibly may be ex- 
plained by the fact that wheat fields in the Eastern States are lo- 
cated usually at a distance from the old stubble fields of the previ- 
ous. year, and since the spring generation is wingless, only a small 
percentage of the individuals is able to make the journey safely 
from one wheat field to another, and it thus becomes difficult for the 
species to maintain itself. 

H. grandis is a comparatively old offender, but probably has 
escaped being confused with other species, as it has some rather 
striking characters, though the fact that it is dimorphic greatly 
perplexed all entomologists for a number of years. Each form was 
considered and described as a separate and distinct species. Riley 
(11) described the spring form as /sosoma tritici 
in 1882, since he considered Fitch’s tritici as a 
synonym of hordei Harris. In 1884 the late F. M. 
Webster established the dimorphic habits of 
grandis, rearing both forms, and Riley (12) de- 
scribed the summer form as /sosoma grande. In 
1896 Howard (8, p. 10) definitely established 
Fitch’s tritici as a valid species and gave the 
name minutum to the vernal generation of Riley’s 
species previously referred to in literature as 
tritict. HH. grandis is probably the most inter- 
esting species of the whole group. There is one 
other species that has two generations during the 
year, but no others, so far as is known, are 
dimorphic. 


Fic. 3.—Wheat straw- 
worm : Wingless adult 
female of spring form 
(Harmolita grandis, HOST PLANTS. 
form minuta). 


Greatly enlarged. ; : re 
( Weboles eenad The writer has never succeeded in rearing 7. 


GSES) grandis from any plant but wheat. He has 
observed it oviposit in other plants but no larvee were ever found 
in them. Further experiments along this line may disclose other 
hosts. As it is found in sections where very little wheat is grown 
consecutively, it seems as though there must be at least one other 
host. 


LIFE HISTORY AND MANNER OF INJURY. 


The spring form (fig. 3) (H. grandis, form minuta) attacks the 
wheat plants when they are small (fig. 4), the eggs (fig. 2, 7) being 
deposited in the base of the young plant. The developing larva 
totally destroys the tiller affected, and if the plant has not tillered 
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it kills the entire plant. The larva develops within and right at 
the base of the plant, usually making the plant somewhat bulblike 
at this point (fig. 5). This generation emerges during March and 
April in the Eastern and Central States, while in Washington and 
probably in other Pacific States it emerges in uu 

April. This spring generation usually is wingless, \Wh 
though occasionally specimens may have wings. 
These winged individuals usually are imperfect 
in that they often have only two or three wings. 
Sometimes only the front pair are present, and 


SS S 
SSS 


yy 
Wh re Th4))\\ 
ij ‘ 
3\\ NI 
4 \\,1 
i 
i He 
Me 7H 
\ LA) 7 
AWN ‘ 
\ 
» 


Fig. 4.—Wheat straw-worm: Stage of de- 
velopment of wheat plant at time of 


Oviposition of spring form (Harmolita mer form (Harmolita grandis, form 
grandis, form minuta). Enlarged illus- grandis) as it normally occurs in the field. 
tration at right shows the point where The tiller thus attacked is always killed. 
ege is deposited. (Webster and Reeves.) (Webster and Reeves.) 


again only the hind wings. Males occasionally occur in this genera- 
tion, though rarely. 

The summer form (fig. 6) (ZZ. grandis, form grandis) emerges in 
May and deposits eggs (fig. 7, d, ¢) in the growing wheat plants 
slightly above the joints, often placing the eggs directly in the 
cavity of the stem, where they hatch in about 5 days. Sometimes 


8 BULLETIN 808, U. S. DEPARTMENT OF AGRICULTURE. 


they are placed in the walls. Several eggs are placed occasionally 
in the same joint but the writer never has found more than one 
full-grown larva at a joint, the others apparently being killed by 
the surviving larva. The larva rasps the inner walls of the stem, 
sucks the juices, and subsequently forms a neat little cell within 
the joint (Pl. IV, B). In all the winter wheat areas the effect upon 
the plant is to cut down the yield of grain, while in places where 
both spring and winter wheat are sown, often in adjoining fields, 
the summer form turns its attention to the spring wheat in prefer- 
ence to the older and tougher plants of the winter wheat. Spring 
wheat is affected very much in the same manner as winter wheat is 


Fic. 6.—Wheat straw-worm: Adult female of summer form (Harmolita grandis, 
form grandis.) Greatly enlarged. (Webster and Reeves.) 


injured by the first generation (form ménuta). The summer genera- 
tion remains in the.old wheat stubble, pupating in the fall. The 
spring generation, as previously stated, emerges in March and April. 
The writer has never seen males of the summer generation. 


THE WHEAT SHEATH-GALL JOINTWORM.1 


Harmolita vaginicola was not described until 1916 (2), though 
the typical form of its injury to wheat was recorded in literature 
many years ago. There are specimens in the National Museum 
collection that bear the manuscript name Pteromalus hordei Harris, 
which were collected in Virginia in the early fifties, and some that 


1H, vaginicoia Doane. 
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JOINTWORM FLIES OF THE GENUS HARMOLITA. 


A, Characteristic manner in which H. vaginicola dwarfs wheat plants. These 
plants rarely form grain. About one-third natural size; B, Head from a plant 
dwarfed by H. vaginicola with the surrounding leaf sheath removed, showing 
the galls in the sheath and not in the stem. Slightly reduced; C, Characteristic 
galls of H. vaginicola. Note the rootlike growth at the base of galls. Slightly 
reduced; D, Galls of H. captiva in bluegrass (Poa pratensis). There is little 
eae evidence of the galls. Note that the galls are placedendtoend. Slightly 
reduced. 


Bul. 808, U. S. Dept. of Agriculture. PLATE IV. 


JOINTWORM FLIES OF THE GENUS HARMOLITA. 


A, Characteristic galls of H. hordei, some clearly showing that the plants were 
straw-fallen. About actual size; B, Larva of H. grandis form minuta in a cell 
in the center of a wheat stem. Greatly enlarged; C, Larva of H. albomaculata 
in a timothy stem (Phlewm pratense). Greatly enlarged; D, H. hordei touching 
the ovipositor to barley stem, the first process in oviposition; E, forcing the 
ovipositor into the stem, the second step; F, the ovipositor completely down, 


the third and last step, and the abdomen resting lightly against the stem. 
About natural size. 
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were collected in Ontario, Canada. There are specimens in the 
Harris collection of the Boston Society of Natural History bearing 
the label Jsosoma tritict that were collected in Virginia in 1852. 
There are also speci- 

mens of ¢ritici in the 

same lot. As late as 

1892 F. M. Webster 

(13) stated that— 


He had not reared the 
depredator, and though in 
many respects the attack 
seemed to agree with that 
of Isosoma hordei, as de- 
seribed by Harris and Fitch, 
yet in many other features 
it appeared different. In 
all cases—and he had ex- 
amined hundreds of wheat 
straws from northern a "7, (B 
Ohio—the attack was al- 
ways above the upper joint. 
In two cases the upper joint 
and the one below had been 
attacked. From many thor- 
ough examinations he had 
found that the stem itself 
‘ had not been eaten into, the 
cells being formed in the 
sheath, but owing to the 
pressure of the galls on the 
tender stem the latter had 
become distorted and the Ze 
upper portion with the head, 
where one was produced, 
was greatly aborted. 


This so accurately de- 
scribes the injury that 
no doubt is left as to the 2 
identity of the insect in 


question or as to the fact 
Fig. 7.—Hggs of species of Harmolita: a, H. hesperus ; 


that the Se bv, H. websteri; c, H. albomaculata; d, H. grandis, 
very widespread and + form grandis, after oviposition; e, H. grandis, form 
may have been a more grandis, just before hatching. All greatly enlarged. 
5 E (Original. ) 
serious pest in the early 
days in Michigan and northern Ohio than Z. ¢ritici. This is 
one of the reasons why entomologists had such controversies over 
tritici in the early days. There is not the slightest doubt in the 


132861°—19——2 
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writer’s mind that if the types of all of the early described species 
now referred to synonymy were in existence to-day and were recog- 
nizable, vaginicola would be found among them. H. vaginicola 
was very probably confused with horde and secalis as well as tritici. 
The writer’ s earliest personal records of vaginicola are from col- 
. lections from eastern Ohio 
in 1912. Since then he 
has recorded it from 
Michigan, New York, and 
Pennsylvania and _ has 
been rearing it in confine- 
ment since 1914. Mr. 
Desla Bennion sent the 
writer specimens from 
Salt Lake as early as 1914 
and Mr. L.. P. Rockwood 
recently submitted asingle 
gall from Oregon, from 
which this species has 
emerged. 


MANNER OF INJURY. 


H. vaginicola affects the 


plants in a very peculiar 
way, and only one other 
species, namely, atlantica, 
a gall-former in Agropy- 
ron sp., is known to the 
writer to affect a plant in 
a similar manner. The 
egos (fig. 8, a) are depos- 
ited in the tender leaf 
sheath surrounding’ the 
embryonic head. It does 
not seem possible that the 
insect. can always locate 
rig. 8.—Hgegs of species of Harmolita: a, H. vagini- this delicate structure so 

cola; b, H. secalis ; ec, H. elymicola ; d, H. maculata ; easily. The result is that 

e, H. poae. All greatly enlarged. (Original.) as. the plant grows, the 
leaf sheath surrounding the developing head becomes fleshy and 
thick instead of remaining thin and leaflike. Later this thick- 
ened, fleshy leaf becomes hard and woody and compresses the 
stem to such an extent that little or no sap can reach the develop- 
ing head. Consequently the head usually protrudes only an inch or 


e 
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two beyond the leaf sheath. Sometimes it does not even burst 
through the sheath and rarely if ever do any of these heads contain 
grain (Pl. III, A, B,C). The larval cells are contained in the hard- 
ened leaf sheath. 

Why this species has not become the dominant pest of wheat, at 
least among the jointworm group, is inexplicable. It is prolific and 
the plants attacked seldom if ever produce any grain. The species 
has been in this country for at least 55 or 60 years. The only ex- 
planation that occurs to the writer, of the reason it has not proved 
more injurious, is that it seems unable to breed in strong, well-grown 
- plants. In other words, by the time the adult emerges in the spring, 
the majority of the wheat plants are well grown and about to begin 
heading. This is true, at least, for the States east of the Mississippi 
River. It seems necessary that plants be small and the heads in an 
immature tender stage for this species to be able to breed in them. 
The species absolutely refuses to oviposit in large plants that are 
about ready to head. Should this pest once become established in 
the spring wheat belt, the writer is of the opinion that it will be a 
very serious pest, owing to the fact that the adults would undoubt- 
edly emerge when the wheat plants were young and tender and most 
attractive to them, as is known to be the case with grandis where the 
spring and winter wheat regions overlap. 


HOST PLANTS. 


H. vaginicola steadily has refused to breed in any plant other than 
wheat. The writer never has observed it even to attempt oviposition 
in any other plant, and, as previously stated, the plants must be 
young and tender or it will refuse them. 


LIFE HISTORY. 


There is only one generation a year. The larve remain in the 
wheat stubble until the following spring, then pupate and emerge as 
adults in May. The abdomen of the female contains 60 to 70 eggs. 
They are normally thelyotokous. During the 4 years the writer has 
been rearing this species in confinement no males have been observed, 
though thousands of specimens have been reared. 


THE BARLEY JOINTWORM.1 


The records show Harmolita hordei to be the oldest species re- 
corded in literature in the United States, and, like ¢ritici, it has 
caused a storm of argument. In fact, for many years it was sup- 


1 Harmolita hordei Harris, 
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posed to be the only species present, and even tritici was considered 
a varietal form of it. Harris (7) described this species in 1830. 
Along in the twenties it caused such serious injury to barley in 
Massachusetts that the growing of this crop was abandoned in some 
sections. For years it was a scourge to barley-growing sections in 
the East. The Eastern States have largely ceased growing barley 
for a number of years now, and consequently have suffered very little 
injury. The barley-growing section has moved west, Wisconsin, 
Minnesota, and the Dakotas now being the most important barley 
States. Fortunately hordei does not seem to have been introduced 
artificially into those sections, which is the only plausible way it 
could be transferred from the main barley section in the East. Bar- 
ley, unlike wheat, is not grown generally in the intervening States, 
so that there is no chance for hordez to spread gradually westward as 
tritici seems to have done. 

During the late summers of 1913 and 1914 the writer visited por- 
tions of New York State that were formerly great barley-growing 
centers. Only a very few infested barley stubbles were found after 
extended search in 1913, and none were found in 1914. Very little 
barley is grown there now. The fields, as a rule, are widely sepa- 
rated and the stubble usually is plowed under before hordei has had 
an opportunity to emerge, consequently it has been almost extermi- 
nated. This is one of the very rare instances of a once serious pest 
becoming practically extinct. Its scarcity is such that the writer had 
never seen a specimen of hordeé until the spring of 1914, except the 
few fragmentary specimens in museums. 

H. hordei has been confused with tritici and secalis undoubtedly, 
and probably with vaginicola and others. As the coloration of the 
legs of hordei varies to a considerable degree it is not surprising that 
confusion arose years ago, since that was one of the main characters 
used in identifying the species. : 


MANNER OF INJURY. 


Barley plants are affected by hordei (Pl. IV, A) in exactly the 
same manner as wheat plants are by triteci. In fact, but for the 
shghtly different appearance of barley straw from wheat straw, the 
galls could not be separated once they became mixed. When barley 
plants are badly infested galls may be found above every joint. 


HOST PLANTS. 


The write1 has now oeen breeding hordez in confinement for 4 
years and has never succeeded in inducing it to breed in any plant 
other than barley. 
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This is one of the easiest species to handle in breeding cages. In 
fact, it breeds more freely than any other species, ¢ritici not excepted. 

There is only one generation a year, the larve remaining in the 
old barley stubble until the following spring, when they pupate and 
then emerge as adults during May, at least in the vicinity of Char- 
lottesville, Va. Plate IV, D, E, and F, shows three positions of a 
female during oviposition. Figure 2, d, e, shows the egg before and 
after oviposition. 

H. hordei is normally thelyotokous. In a period of 4 years’ breed- 
ing, during which several thousand specimens have been reared, not 
more than three or four males have appeared. 

Under actual test one female hordei deposited 71 eggs in 3 days 
and then died. Upon dissection 3 eggs were found in her abdomen. 
From this it would seem that under favorable conditions for egg lay- 
ing the lives of adult females of the species are very short. If the 
weather is stormy and cool, however, they will live two or three times 
as long. 

THE RYE JOINTWORM.1 


The rye jointworm was described in 1861 (4), so it will be seen that 
it is one of our earliest known species, For years, however, it was 
considered an invalid species and was thought to be hordei masking 
under a new name. There appears to be no record of the rye joint- 
worm ever doing as serious injury as trétict, hordei, or grandis. 

Harmolita secalis, like hordei, is almost extinct to-day and ap- 
parently for the same reasons. In fact, it never has had the oppor- 
tunity to become a serious pest on account of the fact that rye prob- 
ably has never been grown as generally in adjacent fields and through 
consecutive years as have barley and wheat. The rye jointworm has 
had to depend largely upon volunteer rye and to make long journeys 
to the nearest rye fields in order to maintain itself. 

The rye joimtworm, in common with several other members of 
the genus, is thelyotokous, males very rarely occurring and appar- 
ently being unnecessary to the vital economy of the species. But for 
the fact. that practically every specimen that emerges is a female 
and capable of perpetuating its kind, secalis would undoubtedly have 
become extinct long ago. 

Fitch described secalis from Pennsylvania in 1861. F. M. Web- 
ster collected the species in Ohio in 1904 and C. N. Ainslie collected 
it in Michigan in 1906. The writer has collected it in Ohio, Indiana, 
and Pennsylvania. 


1 Harmolita secalis Fitch. 
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MANNER OF INJURY. 


Rye plants are affected very much in the same way as are wheat 
by the wheat jointworm and barley by the barley jointworm. The 
individual cells or galls in rye (Pl. V, A) usually are more clearly 
defined or outlined than are those of H. horde?. Presumably a seri- 
ous infestation would cause rye to lodge or fall as badly as barley 
or wheat, since rye is taller and therefore more top-heavy. The writer 
has never found a serious infestation of secalis, apparently because, 
as previously mentioned, no locality has been found where rye is 
grown consecutively on contiguous areas, in consequence of which 
secalis is obliged to resort to volunteer plants that spring up in waste 
places to maintain its existence at all. 


HOST PLANTS. 


After 3 years of repeated trials this species has refused to breed on 
any plant other than rye. Like vaginicola it prefers young tender 
plants for oviposition, absolutely refusing to oviposit in large plants 
or those that have headed. 


/ LIFE HISTORY. 


The writer has had:this species under observation since 1912, when 
the first attempts-were made fo rear it inconfinement. It was reared 
continuously from that time up until 1916. During 4 consecutive 
years of breeding only 2 or 3 males appeared among hundreds of 
specimens all of which were the progeny of 6 female and 4 male 
individuals with which the series was started in 1912. 

The larve remain in the old stubble throughout the summer, fall, 
and winter, pupate in the spring, and emerge as adults about the 
middle of May. The egg is shown in figure 8 at 0. 

The species secalis has been confused principally with hordet and 
undoubtedly also with tritict and websterz. 


THE RYE STRAW-WORM.1 


The rye straw-worm is another early recorded species, having been 
first described in 1862 by Fitch (5) under the name Hurytoma hordez. 
There is no record that it ever caused serious injury to rye, and 
under the conditions that prevail to-day of scattered cultivation of 
this crop there seems little prospect that it will become a serious 
pest. In fact, like several other species, it seems to be having a very 
hard fight to maintain its existence. F. M. Webster collected web- 
ster in Illinois in 1884, and D. W. Coquillett took it in California 


1Harmolita websteri Howard. 
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in 1885. Webster observed this species in rye stalks in Indiana, 
Ohio, and Virginia in 1904. Since that time the writer has collected 
it in Ohio, Indiana, and Pennsylvania. 


MANNER OF INJURY. 


The larva works in the center of the stem just at the joint, in the 
same way as does the summer form of the straw-worm. The writer 


‘has never seen a heavy infestation by this species. 


HOST PLANTS. 


The writer has bred this species for 8 years in confinement and 
made various attempts to induce it to breed on other hosts, but with- 
out success; it confines itself exclusively to rye. 


LIFE HISTORY. 


Starting originally with 2 females and 1 male, the writer has 
reared this species in confinement since 1911. All successive gen- 
erations are the progeny of these individuals, and among several 
hundred specimens reared only 1 or 2 males have appeared. 

There is only one generation a year and the larve remain in the 
old stubble until spring when they change to pupze, the adults emerg- 
ing about the middle of May. The egg is shown in figure 7 at 0. 


SPECIES INFESTING THE CULTIVATED GRASSES. 


THE TIMOTHY STRAW-WORM.1 


The timothy straw-worm has been known since 1894, when it was 
described by Ashmead (1). Nothing seems to have been learned about 
its life history until recent years. It is very widely distributed and 
undoubtedly may be found wherever timothy has escaped from culti- 
vation and grows wild. It is not dependent, therefore, upon arti- 


’ ficial plantings of timothy. 


MANNEB OF INJURY. 


H. albomaculata occupies the center of the stem, rasping the inner 
walls and feeding upon the juices of the plant (PI. IV, C). Usually 
it is found just at or slightly above the second joint from the root 
though it may occur at any joint or at every joint. The injury is 
apparently not sufficient to decrease the hay crop materially, although 
a heavy infestation certainly would have a cenziderable effect in 
lessening the seed crop. 


1Harmolita albomaculata Ashmead. 
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HOST PLANTS. 


This species has been bred in confinement since 1909 and numerous 
attempts have been made to rear it on hosts other than timothy, with 
negative results. 

LIFE HISTORY. 


Larve remain in old stubble and in volunteer growth in waste 
places throughout the summer and winter, pupating in spring. The 
adults emerge in May. Males normally occur. The egg is shown in 
figure 7 at c. 

THE ORCHARD GRASS STRAW-WORM.t 

The orchard grass straw-worm was recently described by the 
writer and Mr. W. T. Emery (10, p. 446). It was found first in 1904 
by F. M. Webster, according to Bureau records. Since that time it 
has been collected by various members of the branch of Cereal and 
Forage Insect Investigations. The writer has been rearing it in con- 
finement since 1914. It has been reared from orchard grass collected 
- in Massachusetts, New York, Pennsylvania, Ohio, Michigan, Mary- 
land, Virginia, Tennessee, and Utah. 


MANNER OF INJURY. 


HH. dactylicola affects the plant in the same manner as does albo- 
maculata. The writer-has never found orchard grass as seriously 
affected as timothy; one reason ‘probably being that it is not grown 
as generally. Orchard grass probably will not be as seriously in- 
jured by dactylicola as timothy is by albomaculata since the former 
plant is larger and more woody than timothy. 


HOST PLANTS. 


This species has not been reared from any host other than orchard 
grass. 
LIFE HISTORY. 
Larve remain in the old stubble and in old volunteer plants © 
throughout the summer and winter, pupate in the spring, and emerge 
as adults in May. Males normally occur. 


THE BLUE-GRASS JOINTWORM2 


Howard (8, p. 13) first described the blue-grass jointworm in 1896 
from specimens captured by F. M. Webster in a rye field in 1885 at 
Normal, Ill. Webster later swept it from timothy and blue-grass 
at La Fayette, Ind. (14; 8, p. 18). Lintner (9) states that he 
reared a number of specimens of this jointworm from galls in wheat 


1 Harmolita dactylicola Phillips & Emery. 
2 Harmolita captiwwa Howard. 
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stems in New York in 1888. It is supposed that captiva was the 
species involved in the latter case, but doubt is cast upon this sup- 
position by Lintner’s statement that part of the specimens were 
typical hordei (tritici), and part were much larger, the latter being 
captiva. The species the writer knows as captiva is much smaller 
than tritici; besides, captiva has been reared from galls in blue- 
grass, and should it breed in wheat also it will be the second species 
known to infest plants belonging to separate and distinct genera. 
This is not at all impossible but at present it seems improbable. 
As the New York case is the only one recorded where the species 
has been reared from wheat it seems reasonable to suppose that 
another species than captiva was involved. 

The writer reared specimens of captiva from galls in blue-grass 
collected near Richmond, Ind., in 1905. It has not been reared 
since.” Nothing is known of its life history except that it un- 
doubtedly has only one generation a year and that both males and 
females were reared. The galls (PI. III, D) occur near the base of 
the seed stalk where the stem is thick. As the seed stalks of blue- 
erass are slender and rather frail the stem at the point where the 
galls occur does not seem to be very woody. The cells are arranged — 
in a row end to end, there being insufficient room, apparently, for 
the larve to have cells side by side in the stalk as in some other 
species. : 

THE BLUE-GRASS STRAW-WORM.1 


The blue-grass straw-worm was described only recently by the writer 
and W. T. Emery (10, p. 445) but undoubtedly has been breeding in 
blue-grass (Poa pratensis) for years. Very probably it has been 
confused with H. captiva and perhaps with other species. The first 
records of poae are by F. M. Webster and the writer in 1905. It is 
a widely distributed species and doubtless can be found wherever 
blue-grass grows normally. 


MANNER OF INJURY. 


The writer has never had the opportunity to visit sections that 
grow blue-grass seed to learn to what extent infestation exists. The 
only infestation found has been where the grass grows wild in pro- 
tected places, such as along fences. Pastures usually are kept cropped 
‘close by stock and there is little chance for poae to breed. It works 
in the center of the stem and undoubtedly would injure the seed 
crop greatly, as the seed stalks of blue-grass are slender, soft, and 
rather fragile, not at all hard and woody like the majority of the 
grasses affected by other species. The cavity in the stem is scarcely 


1Harmolita poae Phillips and Emery. 
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large enough for the larva, and as the walls of the stem are very 
thin it is easy to see that the larva would consume a large part of 
the nourishment required for the developing seed and cause serious 
loss in case of a heavy infestation. 


HOST PLANTS. 


H. poae has not been reared from any host other than blue-grass 
(Poa pratensis) although a number of attempts have been made to 
breed it in other hosts. 

LIFE HISTORY. 


As previously indicated, this species hibernates in the seed stalks of 
blue-grass in waste places and along fences since pastures are kept 
sropped so closely that there is little chance for it to winter over 
there. It hibernates as a larva, pupates in spring, and the adult 
emerges early in May. It is one of the first species to make its 
appearance in the spring. Males normally occur. The egg is shown 
in figure 8 at e. 

THE FESTUCA JOINTWORM.1 


The Festuca jointworm was described recently by the writer and 
W. T. Emery (10, p. 454) from specimens reared from material col- 
lected by the writer near Youngstown, Ohio, in 1913. Since that 
date it has been located’at other points in Ohio, New Jersey, Pennsyl- 
vania, and Virginia. It is the slenderest species among the gall 
formers, the abdomen being particularly long and narrow. 


MANNER OF INJURY. 


fH, festucae forms galls or hardened enlargements, usually above 
the second joint from the ground, although they may occur at any 
joint. The galls (Pl. VI, C) may be prominent or inconspicuous; 
in the latter case they can be detected only by pinching the stems 
between the fingers. The injury undoubtedly would be serious to 
the seed crop and very probably would shorten the hay crop, also, as 
the flowering stalks are rather slender, and although not quite as 
frail, they are very much like blue-grass stems in that they are not 
woody. estuca sp., therefore, would naturally ‘suffer more from 
attacks of this kind than would orchard grass or timothy. 


HOST PLANTS. 


The writer has been rearing festucae from Festuca sp. in confine- 
ment and making observations in the field for 5 years ae has not 
reared this species from any other host. 


1 Harmolita festucae Phillips and Emery. 
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As this grass grows naturally in waste places and along fences its 
jointworm enemy does not depend upon cultivated areas to maintain 
itself. It winters in the old seed stalks as pupa, the adult emerging 
near the middle of May. The species is normally thelyotokous, 
males very rarely occurring. 


SPECIES INFESTING WILD GRASSES. 


In the preceding pages the writer has given briefly some of the 
more important facts relating to all the species at present known to 
infest our grains and cultivated grasses. It may appear at first 
glance that wheat has rather more than its share of species, especially 
since it is our most important small grain. On the other hand, the 
genus Elymus, a wild grass, is the home of nine species, eight of which 
are gall-formers; Agropyron sp., another wild grass, has four species, 
three of which are gall-formers. The species infesting the wild 
grasses will be dealt with very briefly. A good many of them may 
lay a just claim to some consideration from an economic standpoint, 
from the fact, as previously stated, that they have parasites in com- 
mon with the more important economic species. 


HARMOLITA MACULATA Howard. 


Howard (8, p. 15) described this species as Jsosoma maculatum 
in 1896 but nothing was known then of its life history. In re- 
cent years it has been collected by various members of the branch of 
Cereal and Forage Insect Investigations. The writer has reared it in 
confinement since 1912. It has persistently refused to breed in any 
host other than grasses of the genus Bromus. It does not form galls 
but lives in the walls of the plant stem, particularly of cheat (Bromus 
secalinus). The cheat stem is almost solid near the base, at least just 
above the lower joints, the walls being very thick. The egg (fig. 8, d) 
apparently is deposited in the walls of the stem somewhat like the egg 
of tritici and the larva excavates a little tunnel about half an inch 
long just above the joint (Pl. V, B). There are sometimes two or 
three to an internode. It is a very widespread species and un- 
doubtedly occurs wherever cheat or other species of Bromus are 
found. | 

There is only one generation a year. The species hibernates in 
the larval stage, pupates in the spring, and the adults emerge in May. 
It is arrhenotokous under control conditions though in nature both 


sexes occur. A 
HARMOLITA ATLANTICA Phillips and Emery. 


Harmolita atlantica (10, p. 461) is a species which the writer first 
reared near Richmond, Ind., in 1909. A few specimens have been 
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' taken in Michigan and many in New York. It has been reared spar- 
ingly in confinement, not being a very tractable species. It has never 
been reared from any host other than Agropyron. 

This species forms galls in the stems. Some of the galls resemble 
somewhat those of tritici, being placed in the walls of the stem; others 
resemble those made by vaginicola, occurring in the sheath surround- 
ing the head. In the latter case the head does not appear at all. 
(BI Via.) 

There is only one generation a year, and, as with the majority of 
species, they pass the winter as larvee in the galls of the old plant 
stems, pupate in the spring, and emerge as adults in May. The eDE 
cies is normally thelyotokous, males rarely occurring. 


HARMOLITA AGROPYROPHILA Phillips and Emery. 


Harmolita agropyrophila (10, p. 450) is the only species, besides 
grandis, that has two generations a year. Singularly. enough, Agro- 
pyron is one of the few plants infested by Harmolita that produce 
stems continuously throughout the growing season. The majority 
of the other jointworm species would find it difficult to maintain two 
generations a year on a single host unless they were dimorphic like 
grandis and one generation developed in the very young plants. 

H. agropyrophila was collected first in 1904 by F. M. Webster. 
Since that time it has been collected by various members of the 
branch of Cereal and Forage Insect Investigations. The writer has 
been rearing and observing this species since 1905, when he first dis- 
covered that it has two generations in a year. The larvee inhabit the 
center of the stem and may be found at any joint. 

The species has never been reared from any host other than 
Agropyron although repeated attempts have been made to induce it 
to live on other plants in confinement. There are two generations 
a year, the first generation emerging very early, during the last week 
in April and the first week in May. It is one of the first species to 
emerge. The second generation emerges the latter part of June and 
the first week in July.1. The second generation deposits its eggs 
(fig. 2, 7) in the young tender stems, and as it is rather late in the 
season these stems do not produce heads. 


HARMOLITA ELYMI French. 


This species was described as Jsosoma elymi in 1882 by G. H. 
French (6), who reared it from Elymus americanus from Carbondale, 
Til. The writer’s attention was first attracted to it in 1908, when it 
was learned that it occupied the center of the stem of Hlymus sp. 


1These dates apply to Richmond, Ind, 
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JOINTWORM FLIES OF THE GENUS HARMOLITA. 


A, Characteristic gall of the rye jointworm (H. secalis) in rye (about natural size); B, larvee of 
H. maculata in a cheat stem (about natural size); C, galls of H. elymivora in Elymus sp. (about 
natural size). 


SS 
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JOINTWORM FLIES OF THE GENUS HARMOLITA. 


A, Characteristic galls of H. elymicola in Elymus sp., slightly reduced; B, two types 
of injury to Agropyron sp. by H. atlantica, those to the left being sheath galls and 
the long stems to the right being stem galls, slightly reduced; C, Typical galls of 
the Festuca jointworm (4. festucae), about natural size; D, E, characteristic galls 
of H. elymophthora, enlarged slightly. (Photographs D and E by Mr. C. N. Ainslie.) 
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Nothing was known of its life history until recent years. It has a 
wide range, being found as far west as Utah, and having been reared 
from collections of Elymus from Illinois, Indiana, Ohio, and Vir- 
ginia. It probably occurs wherever Zlymus sp. grows normally. 

H. elymaé inhabits the center of the stem of Hlymus sp. and has 
never been reared from any other plant, although repeated attempts 
have been made to rear it from wheat, rye, barley, and some of the 
grasses. There is only one generation a year. Hibernation is in the 
larval stage, pupation occurs in the spring, and the adults emerge in 
May. This species is thelyotokous, males never having been observed. 


HARMOLITA ELYMICOLA Phillips and Emery. 


Harmolita elymicola (10, p. 460) is the commonest species on Ely- 
mus in the Eastern States and is apparently a strictly eastern species, 
as it has not been collected west of the Mississippi River with the ex- 
ception of southeastern Missouri. East of the Mississippi it has been 
taken in Illinois, Indiana, Michigan, Ohio, and Virginia. 

It forms very prominent galis or enlargements, usually above the 
second joint from the base of the plant (Pl. VI, A). It has never been 
reared from any host other than Elymus. Repeated attempts have 
been made to breed the species on wheat, barley, and various grasses. 
Tt has been observed to oviposit in wheat and barley stems, but noth- 
ing ever developed in these stems. Figure 8 ¢, shows eggs of this 
species. 

HH. elymicola has only one generation a year. It hibernates as a 
larva in the old seed stalks, pupates in the spring, and emerges in 
May. It has proven to be arrhenotokous under control conditions, but 
both sexes normally occur in nature. 


HARMOLITA ELYMIVORA Phillips and Emery. 


Harmolita elymivora (10, p. 464) is not nearly as abundant as 
elymicola, though it apparently has a wider range, having been found 
as far west as Arkansas. It has also been reared from stems of 
Elymus sp. collected in Indiana, Michigan, Ohio, and Virginia. 

H. elymivora forms galls in the stems of Hlymus sp. just below 
the head. As a result, the head’or fruiting body of the plant never 
develops (Pl. V, C). It is possible that it forms galls of the elymi- 
cola type also, but the writer has never reared any from such galls. 

-The life history is similar to that of elymicola. Eggs are shown 
in figure 2, ¢. 

y HARMOLITA RUFIPES Phillips and Emery. 
Harmolita rufipes has been described only recently (10, p. 453), but 


F. M. Webster is probably the first to have reared it. In Bulletin 42 
of the Division of Entomology Prof. Webster confused this species 
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with H. hordei Harris, stating that he had reared hordei from 
Elymus at Champaign, Ill. The writer has examined these speci- 
mens and they are very clearly rujfipes. The species resembles hordez 
somewhat in that the legs are reddish brown, but it is much larger 
than hordei and other characters very readily distinguish them. 
Rufipes is apparently a strictly western species, never having been 
reared any farther east than Champaign, Ill, It has been reared 
from Elymus sp. collected in Kansas, Nebraska, New Mexico, and 
Utah. It has never been reared from any grass other than HJymus 
sp. Repeated attempts were made by the writer to rear it in confine- 
ment at both La Fayette, Ind., and Charlottesville, Va., upon its host,- 
but it has steadily and persistently refused to breed. It apparently 
would oviposit, but no larvee ever developed. It forms galls in the 
stems of Hlymus sp. Nothing is known of its life history further 
than that it has a single generation during the year, hibernating in 
the usual way and emerging in May. Both sexes occur. 


HARMOLITA HESPERUS Phillips and Emery. 


Harmolita hesperus (10, p. 457) was considered by the writer for 
quite a while to be rufipes. The two species can be distinguished, 
however, very readily. H. hesperus is apparently a strictly western 
species, having been reared from Elymus sp. collected from Kansas 
and Utah, but it has never been found east of the Mississippi River. 

H. hesperus forms galls very much as does elymicola. It has not 
been reared from any plants other than Hordeum jubatum and 
Elymus sp. Nothing is known of its life history further than that it 
hibernates in the usual way and emerges in May. Both sexes occur 
normally. The writer has never been able to rear this species in con- 
finement, though repeated attempts have been made to rear it in 
Elymus sp., both at La Fayette, Ind., and at Charlottesville, Va. 
The egg is shown in figure 7 at a. 


HARMOLITA ELYMOPHTHORA Phillips and Emery. 


Harmolita elymophthora (10, p. 465) appears to be a strictly west- 
ern species also, having been reared only from Nebraska and North 
Dakota. It was first brought to the writer’s attention by C. N. Ains- 
lie, who sent in galls on Hlymus sp. from which was reared this 
species. It forms galls in Hlymus sp. (Pl. VI, D, E), though it is 
not known whether it has other hosts or not. It has refused to breed 
in confinement at Charlottesville, Va. It has one generation a year 
and both males and females normally occur. 


HARMOLITA OVATA Phillips and Emery. 


Harmolita ovata (10, p. 458) has been reared only from Kansas. It 
was sent to the writer in the fall of 1914 by E. O. G. Kelly, who was 
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then a member of the Cereal and Forage Insect Investigations 
force. It forms galls in Zlymus sp. It is not known whether it has 
other hosts. It refused to breed in confinement at Charlottesville, 
Va. There is one generation a year and apparently both males 
and females occur. 


SPECIES WHOSE BIOLOGY IS UNKNOWN. 


The species previously treated in this paper have all been reared 
repeatedly in cages under artificial conditions with the exception of 
captiva, rufipes, hesperus, elymophthora, and ovata. The writer 
has never seen living specimens of the remaining six species:described 
by Phillips and Emery (10)—poophila, agropyrocola, occidentalis, 
elymophila, elymoxena, and gillettei—or of bromicola Howard and 
agrostidis Howard, and practically all that is known concerning 
them is contained in the meager data incidental to collection. Four 
of these, agrostidis, bromicola, elymoxena, and elymophila, are from 
California; two, gillettez and poophila, are from Colorado; one, 
agropyrocola, from Utah; and occidentalis from New Mexico. Noth- 
ing, of course, is known of their life histories. Poophila was reared 
from Poa lucida, sent in by A. D. Hopkins from Husted, Colo.; 
agropyrocola and occidentalis were reared from Agvopyron sp., the 
former reared from material sent in by Desla Bennion and the latter 
from material forwarded by V. L. Wildermuth; bromicola was 
reared from Bromus ciliatus; agrostidis was reared from Agrostis 
sp.; elymophila and elymoxena were reared from Elymus sp. The 
four last species were collected by Albert Koebele. JZ. gilletiei, 
as the name implies, was reared by C. P. Gillette and was named 
for him; the host is unknown. Undoubtedly further observations 
‘and collections will add many more new species from the Western 
States, and more particularly from the Pacific Coast States. 


CONTROL MEASURES. 


Farmers, as well as entomologists, have concerned themselves very 
little about controlling these really serious pests. Fortunately or un- 
fortunately, depending upon the point of view, the parasites have 
taken care of the situation to such an extent that only now and then 
the jointworm (ZZ. tritici) gets out of hand and causes the almost 
total destruction of a crop in a given locality. Therefore the matter 
has been viewed very calmly and a toll of from 1 to 5 bushels or 
more per acre has commonly been tolerated. We have been perfectly 
content to pay an annual tribute in preference to fighting vigorously 
to throw off this burden. But for the parasites we should have been 
obliged to bestir ourselves long ago or else abandon wheat growing 
in the Eastern States. There is some excuse for this condition of 
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affairs, in that there was no very simple remedy at hand; for example, 
simply spraying the wheat would not cure the trouble. 

The writer has studied the situation for years and has found that 
most if not all of the so-called remedies are useless. For several 
winters futile attempts were made to burn over stubble fields in 
Indiana. In the first place the ground must be frozen or the 
burning will destroy the young clover and at no time during 
the winter could the stubble be burned under these conditions. This 
would be the simplest of all remedies if it were practicable, although 
it would destroy a source of humus. Another supposed remedy was 
to plant wheat as far from the old stubble as possible. This is folly 
unless the farm in question covers an area of several square miles. 
The jointworm can fly and may be carried by the wind at least for a 
mile. The suggestion of sowing wheat early, in years of scarcity of 
the Hessian fly, is equally futile. V. L. Wildermuth, of this bureau, 
made observations on 51 fields at Groveport, Ohio, in 1909, in order 
to determine the effect of early and late sowings in relation to joint- 
worm injury. Twenty-eight fields sown from September 10 to 30, 
with an average date of September 24, showed an average infestation 
of 38 per cent, with an average yield of 84 bushels per acre; 15 of 
these fields produced grain of good, 10 of medium, and 3 of poor 
quality. On the other hand, 23 fields sown October 1 to 24, with 
average date of Octobér 10, showed an average infestation of 19 per 
cent with an average yield of 20 bushels per acre; 11 of these pro- 
duced grain of good, 9 of medium, and 3 of poor quality. These 
observations show also that whether the wheat were sown early or 
late the wheat on poor ground always was infested to a greater 
degree, provided the fields were equally distant from the source of 
infestation.. The writer’s observations confirm this idea. | 

Some writers have suggested that the larve would be destroyed if 
the infested stubble should pass through stables and then be sub- 
jected to the process of decomposition incidental to composted ma- 
nure. The writer therefore placed infested stubbles in horse stables 
and allowed them to become mixed with the droppings in the ordi- 
nary way. They were then removed to the center of a heap of 
manure and part of them allowed to remain in the manure all winter 
while the remainder were removed after having remained in it for 
two weeks, and then scattered on the ground and allowed to remain 
there undisturbed throughout the winter and spring. Those remain- 
ing in the manure pile were removed the last week in March, and 
placed in confinement for observation, as were those that were scat- 
tered on the ground in early winter. Each lot produced about 
the same number of adults as did stubble that was allowed to winter 
in the usual manner in the field. This experiment certainly indi- 
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cates that there is small hope of destroying the jointworm by passing 
infested straw through the manure pile. 

The writer has been experimenting for the past three years in 
plowing under wheat stubble for the purpose of observing the 
effect on infestation the following year in wheat planted on the same 
ground. This work was done in the vicinity of Charlottesville, 
Va., where no infestation occurred nearer than 5 or 6 miles. There- 
fire the data secured should be reliable, as there was no opportunity 
for the jointworm to come in from neighboring fields. Small plats 
were used and the infestation was accomplished by bringing in a 
very large amount of infested stubble from a distance, placing it in 
the growing wheat, and allowing the adults to emerge and infest 
the plat. In order to insure heavy infestation, large amounts of 
badly infested stubble were brought in again from a distance after 
the wheat was cut, making accurate counts of the number thus 
brought in, and then carefully estimating the infestation that already 
existed on the plat. The total number of wheat stems or stubbles 
was then counted on several representative square yards of the plat. 
In this way the percentage of artifical infestation could be deter- 
mined accurately. The infested stubbles which had been introduced, 
together with the stubbles already standing on the plat, were then 
turned under. The ground was plowed as soon after harvest as 
possible, disked, and some crop like peas or soy beans sown. The 
plat was disked again in the fall at the proper time and reseeded to 
wheat. In this way an 8 per cent infestation was reduced to 1 per 
cent the following year. A second trial reduced the infestation from 
32 per cent to 3 per cent. A third trial in 1918 reduced a 19 per 
cent infestation to 2 per cent. 

These experiments indicate that plowing under stubble is a very 
effective remedy. It doubtless would destroy all of the insects if 
all of the infested stubbles could be completely buried, but it is im- 
possible to do this. Nevertheless it is practicable to control the 
ravages of the species in this manner. While this method of con- 
trol would necessitate a change in the existing rotation of crops 
where wheat is used as a nurse crop for clover, it would seem that it 
should be adopted if millions of dollars could be saved every year 
in this manner. Some agronomists admit that it would be prac- 
ticable to change the existing system of rotation so as to permit 
plowing down stubble to suppress important insect pests. If this 
were done not only the jointworm but also the Hessian fly would 
be controlled, and thus two of the major insect pests of wheat would 
be largely shorn of their power for harm to our most valuable bread 


grain, 
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The barley jointworm, the rye jointworm, and the rye straw-worm 
undoubtedly can be controlled in the same manner, if the necessity 
arises. 

The wheat straw-worm is very easy to control. Since one genera- 
tion is wingless it is only necessary to keep down all volunteer 
wheat and never plant wheat nearer than 40 to 50 yards to infested 
stubble. This is allowing a wide margin of safety since they are 
supposed to be able to travel at most only 12 or 15 feet. 

Should it become necessary to control the straw-worms and fee 
worms infesting our cultivated grasses, such as timothy, orchard 
grass, blue-grass, and Festuca sp., this undoubtedly could be accom- 
plished by clipping such fields in the spring in order to delay the 
appearence of seed stalks until the emergence of the insects, when 
there would be no place for them to deposit their eggs. 
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INTRODUCTION 


American foulbrood is an infectious disease of the brood of bees 
caused by Bacillus larvae. The disease is characterized by a decided 
ropiness of the decaying brood and a peculiar foul odor. It is very 
widely distributed, is readily recognized, and is of much economic 
importance. Its existence has been known for a long time, and bee- 
keepers have established many facts concerning it through observa- 
tions made while practicing their profession. While there is a con- 
sensus of opinion among beekeepers on certain points regarding the 
disorder, there are others on which a diversity of views has existed 
and still others about which almost nothing of a definite nature has 
been known. 

Former work was directed primarily toward the determination of 
the cause of the disease. Among the problems considered in the 
present studies are: The resistance of Bacillus larvae to heat, drying, 
sunlight, fermentation, and disinfectants; the effect of the disease on 
the colony and on the apiary; and the transmission, diagnosis, and 


prognosis of the disease. Direct studies on the treatment of the 
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disease have not been attempted by the writer. It will be readily 
recognized, however, that any treatment that is efficient and at the 
same time economical must be determined by results obtained by the 
solution of such problems as those which have received attention in 
these studies. 

The facts may tend to engender fear for the disorder in some in- 
stances while in others they may tend to allay it and to offer encour- 
agement. It is hoped, however, that no statement made here will 
cause any beekeeper to lessen the vigilance that the disease requires, 
nor, on the other hand, to increase it to a point that would render its 
cone uneconomical. 

The discussions in the present paper are based almost entirely upon 
observations made in the laboratory and in the experimental apiary. 
The value of the results is emphasized by the fact that the disease 
produced experimentally and the disease encountered in nature are 
identical in almost every respect. It is believed that the paper’ will 
be of interest not only to the practical beekeeper who wishes to apply 
the results noted here in the practice of his profession, but also to 
those who may desire to make further studies on the disease. 


NAME OF THE DISEASE 


That bees suffer from diseases is recorded in works written before 
the Christian era but it is not altogether clear what the diseases were. 
In 1771, Schirach (19)? was using the term ‘‘foul brood’ for an 
abnormal condition of the brood of the bees, but from his conception 
of the cause of the disorder one is led to believe that more than one 
abnormality was being referred to by the term. In 1882 Dzierzon 
(11) had definitely concluded that there were two kinds of foulbrood. 
Cheshire expressed a similar belief in August, 1884, but by September 
he had reached the conclusion that there was but one. 

In 1885 Cheshire and Cheyne (9) published an article containing the 
results of some studies on foulbrood including a description of Bacillus 
alveit. For more than a decade after the appearance of the paper, 
the view was quite generally accepted that there was but one disease 
present in the condition that was being called foulbrood and that 
B. alvei was the cause of it. Many American beekeepers, those in 
New York State especially, became convinced, some time during the 
decade from 1890 to 1900, that two serious brood diseases were being 
referred to by the one name—foulbrood. 

That there are two such diseases has been conclusively proved. 
In the United States the one characterized by a decided ropiness of 


1 The studies reported in the present paper are similar in nature to those made by the writer on sacbrood 
(25), Nosema-disease (26), and European foulbrood (27). These papers may be helpful where the dis- 
cussions in the present one are especially brief. The investigations were completed in September, 1916, 
and the paper was submitted for publication in October, 1918. 

2 Figures in parenthesis refer to ‘‘ Literature Cited,” p. 42. 
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the decaying brood and a peculiar foul odor is now called American 
foulbrood, and the other one which is not so characterized is called 
European foulbrood. These two foulbroods are very different, the 
principal point of similarity being that they are both brood diseases. 
Both of them occur in Europe as well as in America. Unless these 
facts are borne in mind the names are likely to be misleading. 

The term ‘‘foulbrood”’ (French, la loque) in most countries as in 
America frequently is used in a general sense meaning simply some 
disorder of bees but no definite disease. In this popular use of the 
term, either or both of the two foulbroods may be meant. Other 
brood disorders sometimes are loosely referred to by this general 
term. ‘Foulbrood”’ and ‘‘bee pest”’ or slight modifications of these 
terms as used in different countries certainly include the disease 
American foulbrood. In Switzerland no pronounced odor had been 
observed in connection with American foulbrood and it is referred 
to as ‘‘nichtstinkende Faulbrut’”’ (6, 7, 8); in Austria it is called 
‘‘Faulbrut’’ (18); in Germany ‘‘Brutpest’’? (29) and ‘‘Faulbrut”’ 
(12); in Denmark it is called ‘‘Bipest”’ (2, 3, 4); in England (10) and 
in Ireland it is called foulbrood. or bee pest; and in Australia it is 
called foulbrood (5). 

There are at least three infectious brood diseases of bees but as a 
rule the one which beekeepers, entomologists, and pathologists have 
referred to in the past by the term ‘‘foulbrood”’ is the disease Amer- 
ican foulbrood, discussed in the present paper. 


HEALTHY BROOD AT THE AGE AT WHICH IT DIES OF AMERICAN 
FOULBROOD 


The description of the symptoms of a brood disease as well as 
the recognition of the disease are very materially aided by making 
a comparison of diseased with healthy brood. Such a comparison 
involves the age of the brood, the relative arrangement of the capped 
and uncapped cells, the appearance of the diseased and of the dead 
brood, and the relation of the dead larva or pupa to the cell in which 
it les. Furthermore, the character of the caps and the odor of 
the brood-combs should not be overlooked. 

In healthy brood-combs a certain regularity is to be expected in 
the arrangement of areas containing eggs, larvee, pupe, and emerg- 
ing brood, respectively. The cell caps when recently constructed 
are convex outward (PI. II, A), but usually become flattened some- 
what before the bees are ready to emerge. They are rarely punc- 
tured, remaining as a rule entire. In color these combs vary widely 
from a very light hue when recently constructed to a dark brown 
when old. Accompanying them is a slight but not disagreeable odor. 

In American foulbrood the brood that dies does so nearly always 
either during the last two days of the four-day prepupal period or 
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the first two days of the pupal period. Such brood, therefore, is 
in capped cells. A description of a healthy larva at this age is 
given by the writer in a paper on sacbrood (25) and will be recounted 
here only briefly. 

A larva (prepupa) (Pl. II, D, G; Pl. VI, G), at the age at which 
death from American foulbrood takes place as a rule, lies extended 
lengthwise in the cell with its dorsal side against the floor. It is 
motionless with its head in the direction of the mouth of the cell, 
its extreme anterior end extending nearly to the cap at the angle 
formed by the cap and the roof. Its posterior third lies upon the 
bottom of the cell and extends to the roof; its length is approxi- 
mately that of the cell, being about one-half of an inch; its width 
is that of the cavity of the cell, about one-fifth of an inch; and its 
two lateral sides cover about one-half each of the two lateral walls 
of the cells. The ventral surface of the larva is in general convex 
from side to side and concave from end to end. Transverse ridges 
and furrows give a segmented appearance to the body. An empty 
space of considerable extent occurs between the ventral surface 
and the roof of the cell (Pl. VI, G). 

The color of the larva at this time is almost white with a slight 
bluish tint. The entire surface is glistening. The body wall is 
sufficiently resistant to permit the removal of the larva intact if 
care is exercised. ‘The tissue mass as seen when the body wall is 
ruptured is semiliquid and’ nearly white in appearance. Upon 
microscopic examination it is found to be made up very largely of 
fat cells, and to be free from bacteria and other microorganisms, 

The change from the larva to the pupa (Pl. VI, B), as far as out- 
ward appearances are concerned, takes place rapidly. Infrequently 
death from the disease takes place during this short period. At 
this time the bee (Pl. VI, B) has neither the outward form of a larva 
nor of an adult. This stage of the transformation is recognized by 
the fact that the head is smaller than that of the complete pupa 
and the appendages are largely wanting. 

The pupa (Pl. IV, A, D) immediately after transformation is 
similar in form and size to the adult bee. It rests with its back 
against the floor of the cell and with its antenne, proboscis, and 
legs lymg along its ventral surface. The posterior third is more 
pointed and much smaller than the same third of the larva. It lies 
upon the bottom of the cell but does not extend to the roof. 

The color of the pupa at the time of its transformation is nearly 
white with a slightly bluish tint. The first pigment observed is 
seen in the compound eyes. Pigmentation of other parts of the 
body follows. When death from American foulbrood takes place, 
it does so almost invariably before the time that pigmentation of 
the body other than of the eyes has occurred, The body wall of 
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the healthy pupa for the first two days of this stage is easily ruptured. 
Its tissues are soft and when crushed are creamlike in consistency. 
During this period some care must be exercised in removing the 
body intact. Soon the body wall toughens so that the form is then 
maintained rather rigidly. 


SYMPTOMS 


Much of our knowledge concerning the symptoms of American 
foulbrood has been gained through observations made by beekeepers 
while practicing their profession. The apiary m which the disease 
has been produced by experimental inoculations offers an oppor- 
tunity to obtain a fairly complete picture of the disease. The 
.present discussion of symptoms of the disorder is based upon observa- 
tions made on the disease thus produced. During these studies 
it has been possible to duplicate observations already made by 
beekeepers on the disease as it occurs in nature and to make still 
others. It is quite probable that a number of these additional obser- 
vations could be duplicated on the disease in nature if a sufficiently 
close study were made. 

GENERAL SYMPTOMS 


In American foulbrood the symptoms vary within wide limits. 
The colony may or may not be noticeably weakened. If recently 
infected the strength will not be affected appreciably, but if the 
infection has been present for a considerable period the colony will 
be weakened as arule. Not infrequently during the course of the 
disease the strength of the colony is diminished and death is the result. 
Between these limits any degree of strength may be encountered. 

The occasional larva which dies of American foulbrood (Pl. VI, A) 
before it reaches the age at which healthy larve are capped rarely, 
if ever, is capped after its death. Aside from these few larve the 
brood that dies of American foulbrood does so in capped cells. 
After death the caps are removed by the adult bee from a large 
but varying proportion of cells containing dead brood (Pl. III, 
C, F, I; Pl. V, B), although they are allowed to remain on a consid- 
erable proportion of them (PI. VI, C, E, F; Pl. II, B, C, E, F, H, 1; 
mie Al) BoD, Gy; Ply IV, By Cy: Bs’ Pl, iV,\A, CD) EH) F): 
The irregular condition of the brood comb sometimes referred to 
by beekeepers as the ‘‘pepperbox”’ appearance (Pl. I, A, B,C) is 
due very largely to the presence of cells containing dead brood 
which have been uncapped by the bees, occurring among similar cells 
which have not been uncapped, fonetie: with cells containing 
healthy brood either capped or uncapped. 

The caps over dead brood (Pl. IJ, B) appear in many instances 
similar to those covering eaieiee brood. In many instances, 
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however, they are altered, being sometimes punctured (PI. III, A; 
Pl. VI, C), sometimes sunken, and sometimes darkened. Sometimes 
these abnormal appearances are combined. The holes in the caps 
vary in number and dimensions. Ordinarily there is but one (PI. III, 
A), although there may be two (PI. VI, C) or more. They are usually 
the size of a pinhead or smaller. The puncturing of the caps is done 
by the adult bees, and at the time of observation any proportion 
of the cap may have been removed. 

Sunken caps are found only after the disease has been present in 
the colony for a considerable period, weeks at least. This symptom 
is most marked after the brood frames have been roughly handled, 
as in shaking bees from them or shipping them by express or mail 
(Pl. I, C). This condition of the caps is encountered more fre- 
quently in samples shipped to the laboratory than in those taken 
directly from the affected colony. By rough handling the viscid 
decaying mass within the cell is brought in contact with the cap, 
adheres to it and tends to draw the cap inward as it settles, accounting 
in a large measure for the condition referred to as sunken cappings. 
The dark caps occur somewhat later and also depend largely upon 
the presence of decaying brood material within the cell. The caps 
of many cells containing dead brood, however, are neither sunken 
nor darkened by its presence. 

When recently dead the decaying brood in American foulbrood 
is light brown in color, the shade deepening as the process of decay 
continues. The color passes through a chocolate, coffee, and mahog- 
any brown, reaching a very dark shade as it approaches the scale stage. 

The body wall of a larva or pupa dead of the disease soon softens 
and is easily ruptured, making it impossible to remove the remains 
intact from the cell. As the process of decay continues the mass 
becomes viscid and before the scale stage is reached the viscidity is 
such that it is capable of being roped out into fine threads to a dis- 
tance of 2 or 3 inches and sometimes even more. The scale when 
dry adheres more or less firmly to the cell wall. 

The odor of the brood combs, when it is present, is character- 
istic of the disease and may be spoken of conveniently as the foul- 
brood odor. It is never detected in the early stages of the disease 
and if only scattering cells are present seldom is noticed. When 
much brood is dying and the disease has been present for weeks, 
the odor is noticeable and sooner or later becomes marked. When 
marked it is recognized by its strong and penetrating character and 
is usually thought of as being disagreeable. The brood combs 
after their removal from the hive tend to lose this foulbrood odor. 
The presence and extent of it in samples of the disease vary con- 
siderably, the variation depending largely upon the facts just 
mentioned. 
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It is possible to recognize most cases of American foulbrood from 
the general symptoms that are present. On the other hand many 
cases can be diagnosed only by an exact knowledge of the postmortem 
conditions of brood dead of the disease. A close study of these 
appearances, therefore, is advisable. The following somewhat brief 
description of larvee and pupex dead of the disease will suffice in 
most instances and will serve as a guide to further observations. 


SYMPTOMS MANIFESTED BY THE BROOD 


Signs that will determine the exact time of death from American 
foulbrood have not yet been ascertained. As the larve and pupe 
that die of the disease do so at a period in their growth when healthy 
brood is motionless, lack of motion is no guide. In the descriptions 
made in the present paper it is assumed that a larva or pupa is dead 
if it shows a change from a bluish-white, more or less transparent 
appearance to one that is more nearly white, more nearly opaque, 
and shows at the same time a change from the normal turgidity to 
a slightly flaccid condition. 

The appearance of the larval and pupal remains changes gradually 
from day to day from that of a healthy brood to that of the dried 
residue—the scale. A description, therefore, that would be correct 
for one day would be incorrect probably for the following day. 
Furthermore, all of these remains do not pass through the same 
changes. For convenience in description, therefore, the various 
appearances assumed by them are considered in five more or less 
arbitrary stages. The interpretation of the descriptions will be 
aided if the description of healthy brood (p. 3) is borne in mind, 
since the terms used are similar in both instances. 


LARVE DEAD OF AMERICAN FOULBROOD 


The descriptions made of dead larve (prepupe) for the most 
part will be of those that have died during the 2-day quiescent 
period just preceding the transformation to the pupa, as most larve 
dying of the disease succumb at this age. 


FIRST STAGE 


The first symptoms of American foulbrood appear about the end 
of the first week after infection. From the bluish white of the 
healthy larva the color changes during this first stage of the disease 
to a very light brown. The conelike anterior third (PI. II, FE) having 
settled somewhat, the apex is now slightly farther from the roof. 
The surface markings in each of the three thirds (Pl. II, H) are very 
similar to those of a healthy larva. The body wall is easily ruptured, 
but by care the larva may still be removed intact from the cell. In 
consistency the decaying tissues are soft and nonviscid. 
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Sometimes a considerable portion of a larva is removed piecemeal 
by the bees during the first stage of decay. The remnant (PI. VI, D), 
consisting of the posterior third and usually much of the middle third, 
is found occupying its normal position in the cell. The surface 
markings are similar to those of the middle and posterior thirds in 
the first stage of decay. The surface left by the removal of the 
fragments is somewhat roughened and transverse to the body. 
These larval remnants are similar to those seen in sacbrood, but in 
American foulbrood there are fewer of them. When present they 
form one of the earliest symptoms of the disease. 


SECOND STAGE 


By the second week after death the larva shows a slightly deeper 
shade of brown, although still quite lght. The anterior third 
(Pl. If, F) is somewhat darker than the other two thirds. The apex 
is farther from the roof than in the first stage. The surface markings 
(Pl. Ii, I) are now less pronounced throughout. An attempt made 
at this time to remove the dead larva from the cell results usually 
in rupturing the body wall. The decaying mass can be entirely 
removed, however. The consistency of the tissue mass in this stage 
is somewhat similar to that of moist dough. It has not yet reached 
the true viscid condition. 


THIRD STAGE 


By the third week after death the remains have assumed a medium 
shade of brown, approximating that usually seen in brood cappings. 
The apex of the anterior third (Pl. II, D) is now widely separated 
from the roof of the cell, exposing to view the ventral surface of the 
remains. The transverse ridges and furrows marking the segments 
(Pl. III, G) are practically obliterated. The edges no longer show 
the deep notches. The side-to-side convexity is decreased. Evidences 
of developing head and thoracic appendages are sometimes seen. 
Transverse trachez can usually be observed as white lines across 
the ventral surface of the abdomen, one in each segment. The body 
wall is ruptured easily. The decaying mass shows some viscidity 
and adheres to the walls of the cell. 


FOURTH STAGE 


By the fourth week after death the color of the dead larva reaches 
a deep brown, being in shadesimilar to that of the average older brood 
combs. The apex of the anterior third (Pl. III, E) is raised only 
slightly above the upper surface of the decaying larval mass. After 
being uncapped this third is the first to dry, becoming dark and scale- 
like. Surface markings practically have disappeared; trachez 
frequently are still visible, especially in the middle third. The ventral 
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surface (Pl. III, H) is now slightly concave from side to side. The 
posterior third lies upon the bottom of the cell and extends to the 
roof. The decaying larval mass is now decidedly viscid in con- 
sistency. When tested with a toothpick, match, forceps, or any other 
suitable object it can be drawn out into threadlike strings. This 
viscid condition of decaying brood is referred to by beekeepers as 
‘‘ropiness.’”’ It is a well known symptom and is much used in the 
diagnosis of the disease. 


FIFTH STAGE 


One month or longer after the death of the larva the remains are 
found to be a thin mass more or less dry and covering most of the 
floor, some of the side walls, and the bottom of the cell. The dried 
mass is known to beekeepers as the ‘‘scale.”’ Its color is dark brown, 
similar to that of old brood comb. That portion which was once 
the anterior third of the larva bears, if at all, only a slight elevation 
fees ©, RF 1: Pl. VLR, WH)... "The: ventral surface (Pl. IIT, 1) 
is concave from side to side and quite uniform. The posterior third 
covers the bottom of the cell and extends to the roof. This can be 
seen especially well by cutting lengthwise the cell with a scale (PI. VI, 
H) init. It can be seen also that the thickness of a scale throughout 
the median line is approximately uniform. 

As some larve die of American foulbrood before the quiescent stage 
is reached but after being capped, their dead remains may be found 
occupying not the uniform position just described but various posi- 
tions in the cell. While the form of the remains, therefore, may vary 
materially, the color and consistency pass through stages that are 
similar in all instances. 

Occasionally death from American foulbrood takes place while 
the larva is still younger, 1. e., before the time of capping has arrived 
and while it (Pl. VI, A) is coiled in the cell. This condition is com- 
paratively rare. As the form of the remains depends upon the age 
of the larva at the time of its death, naturally, the form of the remains 
of a larva dying before the time for capping will vary materially from 
the descriptions above. The color and consistency of such a larva 
during its decay, however, pass through stages that are similar to 
those already described. 


PUPA DEAD OF AMERICAN FOULBROOD 


Death from American foulbrood does not take place late in the 
pupal stage but almost always, if not invariably, within the first 
2 days after transformation from the larva (prepupa). At this stage 
the healthy pups are practically white, with er without pigment in 
the compound eyes. Pupz dead of the disease resemble in color and 
consistency larvee dead of the disease. The dead pup, as in the case 
of the larvee, are described here in five stages. 
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FIRST STAGE 


During the second week following the infection, symptoms of Amer- 
ican foulbrood may be seen in pupx. The cell containing a dead 
pupa is generally found capped at this time. Upon uncapping, the 
anterior third (Pl. IV, B) of the pupa will be recognized as resembling 
very closely that of a healthy one. The surface markings in general 
(Pl. IV, E) are not particularly unlike those of a healthy pupa. The 
turgidity is slightly less and the body is to a slight degree more nearly 
opaque. The body wall is easily ruptured and the tissue mass is 
soft but not viscid. In general the consistency is similar to that ef a 
larva in the first stage of decay. 


SECOND STAGE 


The process of decay continuing, the tissues soften and the pupal 
mass settles, distorting its form. The anterior third (Pl. IV, C) has 
settled to the floor of the cell and is separated from the roof by a 
considerable distance. The face is directed more nearly upward. 
The surface markmgs (Pl. IV, F) of each third are less distinct. 
The legs and other appendages rest upon the body. The body wall 
is at this time very easily ruptured and the tissues are soft. The 
color and consistency are similar to those of the second stage of 
decay of the larva. 


THIRD STAGE 


During the third atop the appendages are less easily distinguished ; 
as they settle they merge more or less with the decaying mass of the 
head, thorax, and abdomen. One exception should be mentioned. 
Some of the mouthparts (Pl. V, A), chiefly the proboscis, adhere to 
the roof of the cell. This condition has often been noted by the 
beekeepers. The face of the pupa in this stage is directed still more 
nearly upward than in the preceding stage. The head is not infre- 
quently found to be disfigured through drying or bemg gnawed or 
both. The ventral surface of the middle third (Pl. V, D) is still, in 
general, convex from side to side. The color and consistency are 
similar to those of the same stage in the larve. When the pupal 
mass is removed white lines may be seen init. These are trachezx. 


FOURTH STAGE 


In the fourth stage evidence of drying is marked and pupal re- 
mains are changed still further. The anterior third (Pl. V, B) 
bears only a slight resemblance to that of the pupa. Through set- 
tling of the mass and through drying it is now very much flattened. 
The ventral surface of the middle and posterior thirds (Pl. V, E) are 
still slightly convex from side to side and are roughened, due chiefly 
to the remains of the legs and other appendages. The color of the 
decaying mass in the fourth stage is a dark brown similar to that 
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of old brood comb. This mahogany-hued mass is viscid in consis- 
tency, showing the ropiness that characterizes brood dead of American 
foulbrood. 
FIFTH STAGE 

Finally after a few weeks of decay and drying there is to be found 
in the cell the more or less dry residue of the dead pupa—the scale 
(Pl. V,C, F; Pl. VI, F,D). It covers most of the floor and some of the 
side walls and only a portion of the bottom. The pupal scale is in 
many respects similar to the larval scale. It is concave from side to 
side. The ventral surface is slightly roughened by the dry decayed 
appendages. The posterior third extends only slightly upon the 
bottom of the cell. This can be demonstrated by cutting the scale 
(Pl. VI, I) lengthwise as it occupies its position in the cell. The 
scale is dark brown resembling in shade that of old brood comb. It 
adheres rather firmly to the cell but with care can be removed from 
it. When thoroughly dry and removed it is found to be quite brittle. 


ETIOLOGY 
PREDISPOSING CAUSES 


Age.—American foulbrood infection takes place only durimg the 

feeding stage of larve. Death occurs almost invariably after the 
feeding stage is passed, i. e., after capping, and either while in the 
larval stage or soon after transformation to the pupa. Older pupz 
do not die as a result of the disease and adult bees do not become 
infected. 
_ Sex.—That worker, drone, and queen larve are all susceptible to 
the disease has been demonstrated during these studies. Affected 
drone brood is encountered less often in the diagnosis of this disease 
than in that of European foulbrood. The writer has encountered 
queen larvze affected by American fou!brood in experimental colonies 
only, although very probably diseased queen larve do occur in 
nature also. 

Race.—Thus far no race of bees has been shown to possess com- 
plete immunity from the disease. In the experimental inoculations 
recorded in the present paper bees mixed with Italian blood were 
used for the most part. The queens in many of the colonies were 
purchased as ‘‘untested Italians.’’ At least five colonies of ‘ tested 
Italians,” two of “‘tested Carniolans,’’ and two “ tested Caucasians’”’ 
were inoculated. Among the colonies used there were also several 
common black bees. The disease was readily produced in all of these 
strams. Furthermore, the results obtained from the examination of 
-numerous samples of diseased brood received from beekeepers through- 
out the United States mdicate that all strains of bees commonly 
found in American apiaries are susceptible to infection with American 
foulbrood. No definite conclusion can be drawn at the present time 
regarding the relative immunity possessed by the different races. 
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Climate.—It is quite well known that American foulbrood is very 
widely distributed. The writer has examined samples of the disease 
from England, France, Germany, Switzerland, New Zealand, Canada, 
Cuba, and various parts of the United States. This is sufficient to 
show that the disease exists under a great variety of climatic condi- 
tions.. The practical import of the observation is that the presence 
of American foulbrood in any particular locality can not be attrib- 
uted entirely to the climatic conditions of the region. 

Season.—In general the losses from American foulbrood occur 
later in the bee season than do losses from either sacbrood or Euro- 
pean foulbrood. Experimental moculations have shown that the 
larvee of bees are susceptible at all seasons and that the disease can 
be produced whenever brood is being reared. It would seem, there- 
fore, that the severity of the disease is due more to environmental 
conditions existing at the different seasons than to any difference 
in the susceptibility of the larvee during these periods. 

Food.—Since American foulbrood occurs in such widely different 
localities (see ‘‘ Climate’’), wherein the food of bees varies almost as 
much as it is possible for it to vary, it may be concluded that the 
quality of the food used by bees has very little, if anything, to do 
in the causation of the disease. Furthermore, it is found experi- 
mentally that the disease can be produced when the colony is well 
supplied with food, when there is a moderate quantity present, or 
when there is a scarcity. It would seem from the facts at hand that 
the course of the disease probably is governed to some extent indi- 
rectly by the quantity of food present and to a less degree, if at all, 
by its quality. The value of these factors has not been determined 
but it is certainly not great im either case. 


EXCITING CAUSE 


During the borne from 1885 to 1902 (p. 2), Bacillus alve. was 
assumed quite generally to be the exciting cause of foulbrood. From 
1902 to 1907 much interest was manifested in the problem relating 
to the cause of the foulbroods. This is shown by the investigations 
of Lambotte (13) in Belgium, Burri (6, 7) in Switzerland, Bahr (2) 
in Denmark, Maassen (14) and Erne (12) in Germany, and those of 
the writer. 

The writer’s experience with the bee diseases began in 1902 when he 
was working under the direction of Dr. V.A.Moore. In the first studies 
made, spores were found in very large numbers in the scales of the ropy 
foulbrood. As these did not grow on the media commonly used in 
a laboratory (17) it was at once recognized that they were not the 
spores of Bacillus alvei. Furthermore, as B. alvei was not found in 
any of the samples of the ropy disease, the conclusion was drawn 
very naturally that this bacillus could not possibly be its cause. 

Bacillus alvei was found to be present, however, with muth regu- 
larity and in great numbers in the brood disease that is not charac- 
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terized by ropiness and foul odor—European foulbrood. These 
observations taught, therefore, that B. alvei was not to be associated 
with American foulbrood—the ropy, foul-smelling disease—but with 
European foulbrood, which does not possess these characteristics. 

After beekeepers had convinced themselves that there were two 
foulbroods, one with a peculiar foul odor and showing a marked 
ropiness of the dead brood and the other without these characters, 
B. alvei unfortunately remained in the literature as the cause of 
the ropy, foul-smelling disease. This fact accounts for not a little 
of the confusion that has existed in connection with the brood 
diseases. It should be remembered that B. alvei is not the exciting 
cause of any bee disease. 

The writer found (20) that the spores which had refused to ger- 
minate on the media ordinarily used in the laboratory would germi- 
nate and the bacillus would grow in an agar medium in the prepara- 
tion of which bee larvz were used. Satisfactory cultures for experi- 
mental purposes were not obtained with this medium, however. 
Later he (23) succeeded in devising a medium (p. 18) by the use of 
which pure cultures of Bacillus larvae suitable for experimental work 
could be obtained in abundance and with such cultures American 
foulbrood was produced by inoculation, the experimentally produced 
disease manifesting symptoms that are typical of American foul- 
brood encountered in nature. 


BACILLUS LARVAE 


Bacillus larvae, the cause of American foulbrood, had been seen by microscopists 
doubtless long before it was cultivated successfully in the laboratory. The species 
requires special media for its cultivation. Success in the germination of its spores 
was attained in 1903 on an agar made from bee larve. Pending more definite 
information regarding the bacillus the writer (20) referred to it by the term, Bacillus 
“X.’’ Further knowledge concerning the species was gained during the summer 
of 1904, and it was given the name Bacillus larvae (White 21, 22). Burri (6) in Swit- 
zerland, working on the disease entirely independently, also recognized the fact 
that the spores present in such large numbers in the scales represented a new species 
that was difficult of cultivation. Maassen (14) has referred to the species as Bacillus 
brandenburgiensis, and Cowan (10) has referred to it as Bacillus burrii (8). 

Occurrence.—Bacillus larvae occurs in the brood of bees dead of American foulbrood 
and where contaminations with such material have taken place. 

Morphology.—The vegetative form is a slender rod with ends slightly rounded 
and with a tendency to grow in chains (fig. 1; Pl. VII, A). It varies markedly in 
length, depending largely upon the medium used in its cultivation. On the surface 
of brood-filtrate agar it is more often from 2.5 to 5 w in length and about 0.5 win 
breadth. In a liquid medium it is usually much longer, becoming then frequently 
filamentous in character. During the vegetative stage the bacillus undergoes changes 
(fig. 5; Pl. VII, E, F, G, H) seldom noted for the bacteria. The rod possesses numerous 
flagella which are peritrichic in arrangement (fig. 2; Pl. VII, C). 

Giant whips.—Giant whips occur (fig. 6; Pl. VII, F, G, H)in largenumbers, being 
found especially numerous in the water of condensation of brood-filtrate agar cultures. 
These corkscrewlike structures vary widely in their dimensions from scarcely visible 
coiled filaments to bodies several micra in diameter. 


a 
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Motility—The bacillus is moderately motile in young cultures taken from the 
surface of brood-filtrate agar but is somewhat more sluggish when grown in liquid 
cultures. 

. Spore formation.—On brood-filtrate agar evidence of spore formation is present 
about the third day. The rod is swollen near the center where the spore is formed, 
being then spindle-shaped (fig. 3; Pl. VII, B). In a few days numerous spores free 


Fic. 1.—Bacillus larvae: Vegetative form. ; Fia. 2.—Bacillus larvae; The flagella. 


from the rods are to be seen (fig. 4; Pl. VII, D). They measure about 0.6 by 1.3 uy. 
In some environments few or no spores are produced. This occurs in liquid media, 
deep in solid media, and on media containing glycerin, mannite, or glucose. Some 
of the other sugars and also honey inhibit spore formation. 

Staining properties.—The rods color readily and uniformly with the analine stains, 
and are Gram-positive. The spores are quite resistant to stains. 


Fia. 3.—Bacillus larvae: Spore formation. Fig. 4.—Bacillus larvae: The spores. 


Oxygen requirements.—When bee larvee agar alone is employed and inoculations 
are made with spores following Liborius’ method for anaerobes, growth as a rule has 
appeared more often near to than on the surface (Pl. VIII, E, F, G, H, I). Subcul- 
tures on brood-filtrate agar (Pl. VIII, D) and egg-yolk-suspension agar or their 
combination yield abundant surface growth. 

Agar slant.—On the surface of inclined brood-filtrate agar subcultures (Pl. VIII, D) 
grow rapidly, producing a moderate to heavy growth in 24 hours. This growth tends 
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to spread somewhat from the area inoculated, is grayish-white, and slightly viscid. 
It presents a more or less uniform border, a smooth surface, and a ground-glass appear- 
ance. Older cultures are less prominent than the younger ones. 

Agar plates.—Colonies on the surface of agar vary in size depending upon the num- 
ber present. When only a few are present not infrequently they spread and attain 
a diameter of a centimeter or more. The border is clearly defined and uniform. 
The growth is only slightly raised and has a smooth surface and a ground-glass appear- 
ance (Pl. VIII, A, B). Deep colonies vary from lenticular to irregular in form 
with filamentous outgrowths from portions of their surface (Pl. VIII, A, C). 

Fermentation.—Carbohydrate liquid media as ordinarily prepared are not suitable 
for the growth of Bacillus larvae. In some of these after a considerable period a slight 
growth may appear at the bottom of the tubes. A little brood-filtrate or egg-suspension 


Fie. 5.—Bacillus larvae, illustrating an inter- Fig. 6.—Giant whips from cultures of Bacillus 
esting feature of the organism. larvae. 


added to the media improves it. No visible gasis formed but in some instances slight 
acidity is produced. 

Gelatin.—No growth takes place in plain or in brood-filtrate gelatin at tempera- 
tures at which it remains congealed. 

Power to resist disinfectants—The spores of Bacillus larvae are very resistant to 
heat. When suspended in water the more resistant ones require as much as 100°C. 
maintained for 11 minutes to destroy them and when suspended in honey require 
a half hour or more (p. 22). They resist respectively 5 per cent carbolic acid for 
months; 1 to 1,000 mercuric chlorid for days; 10 per cent formalin for hours; and 20 
per cent formalin for minutes; each acting at room temperature. 

Pathogenesis.—Bacillus larvae is pathogenic for the brood of honeybees. Infection 
takes place during the feeding period of the larvee by way of the alimentary tract. 
The brood dies of the disease in the larval, prepupal or early pupal stages. The 
earliest symptoms to be observed following inoculation usually occur in prepupz 
during the seventh day after the feeding, rarely earlier. The earliest evidence of 
infection in pupe occurs one or two days later. The bacilli are at this time distributed 
throughout the body. Adult bees, rabbits, guinea pigs, and rats are not susceptible 
to infection with the parasite. 


While the dead brood in the scale stage and in other later stages 
of decay in American foulbrood invariably contains spores of Bacillus 
larvae in immense numbers, a microscopic examination of earlier 
stages shows not only few spores but also a comparatively small 
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number of rods. A partial explanation at least of this rather unex- 
pected fact was gathered from the study of the organism on artificial 
media. Here it was found that the rods at times undergo interesting 
but as. yet undetermined changes. On glucose and other media, 
when the growth is luxuriant and the spore formation is very much 
inhibited, it is noted that in older cultures rods are comparatively 
few in number but in their stead are forms which are neither rods nor 
spores but are small, more or less spherical bodies (Pl. VII, F, G, H). 
The exact transformation that has taken place in the bacillus to 
produce these bodies is not known. Something of the phenomenon 
has been learned through a study of the rods stained with a flagellar 
stain employing in the method a light aqueous suspension of a young 
culture. In such preparations there is seen within the rods a number 
of individual elements, apparently, each of which is supplied with 
flagella. These structures become independent and separate from 
the rod proper (fig. 5; Pl. VII, E, F, G, H). In the cultures are 
found also, especially in the condensation water of brood-filtrate-agar 
slant cultures (Pl. VIII, D), giant whips (fig. 6; Pl. VH, F, G, H) 
of various sizes. That the little-understood changes that take place 
in the vegetative forms bear a close relation to the formation of the 
giant whips can readily be suspected. 

Definite data have been sought to prove the identity of the ropy 
foulbrood of the different countries. Samples of brood comb con- 
taining disease material were received from Canada, Cuba, England, 
France, Germany, New Zealand, and Switzerland. The findings from 
studies made on these were compared each with the other and with 
the findings from many samples from the United States. Spores of 
Bacillus larvae in very large numbers and practically in pure cultures 
were present in every one. In each instance one of the special 
media (p. 18, 19) required for the cultivation of this species was 
needed. Culturally the bacillus was the same from all of the 
samples. The disease produced by the inoculation of colonies of 
bees was also similar in every instance. Sera from rabbits im- 
munized with cultures from American sources agglutinated in high 
dilutions cultures from English, New Zealand, and Switzerland 
sources at least, these being all that were tested in this way. The 
evidence, therefore, justifies the conclusion that the ropy foul- 
brood of each of the different countries mentioned above is identi- 
cally the same disease. 

Four rabbits inoculated with pure cultures of Bacillus larvae showed 
comparatively little reaction. In each instance there was used a 
moderately clouded suspension in normal salt solution made from the 
surface of the brood-filtrate-agar slant culture about 24 hours old. 
Two of them were inoculated subcutaneously with 1 and 2 ¢. ¢. 
of the suspension, respectively; one received the culture intraperi- 
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toneally and one intravenously. The temperature taken of the latter 
two throughout the day of the inoculation was found to be increased 
about 3° F. following the inoculation. The next day they were 
somewhat sluggish with impaired appetite. The temperature, how- 
ever, soon declined to normal and their feeding became normal. 
The 1,500 gram rabbits were from 100 to 200 grams light in weight 
on the day after the imoculation but soon the loss was regained. 
Observations were made over a period of 2 months. Autopsies on 
the chloroformed animals showed no abnormalities worthy of note. 
- Four guinea pigs inoculated subcutaneously with cultures similar 
to those used in the rabbit inoculations showed only slight reaction. 
The temperature of the one taken throughout the day of inoculation 
showed a rise of about 2° F. but was normal thereafter. No lossin 
the weight of these 400 to 500 gram guinea pigs was appreciable. 
One died in 10 days, apparently from causes foreign to the inocu- 
lation. The remaining three were chloroformed after 6 weeks and 
presented no abnormalities of note at autopsy. 

Two gray rats were inoculated subcutaneously, one with the vege- 
tative and the other with the spore form of Bacillus larvae. These 
proved to be refractory. After 4 weeks they were chloroformed and 
at autopsy no abnormality of interest was noted except a slight 
infiltration at the point of inoculation in the animal receiving the 
vegetative culture, and a small abscess in the case of the animal 
receiving the spore suspension. In the abscess spores were present. 


TECHNIQUE 


Much of the time devoted to the study of American foulbrood has 
been consumed in the study of technique. Special media were re- 
quired and the method of conducting the experimental studies had 
to be developed. 

MEDIA 

Failure to recognize the fact that the spores occurring in such large 
numbers in the brood dead of American foulbrood do not grow on 
the media ordinarily used in the laboratory has caused a number of 
workers to go astray and has contributed not a little to the confusion 
that has existed concerning the brood diseases. Lambotte (13) in 
Belgium experienced some difficulty in obtaining cultures following 
inoculations with the spore-bearing disease material. He made a 
medium using the brood of bees in its preparation and with it obtained 
a growth which he interpreted as being the species represented by 
the numerous spores present in the brood dead of the disease. The 
interpretation was evidently incorrect. The culture which he ob- 
tained he identified as a member of the mesentericus group. In 1903, 
before learning of Lambotte’s work, the writer (20) had made anagar 
using bee larve and obtained a germination of the spores of the 
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ropy foulbrood. In this bee-larve agar! the growth is always slow 
and somewhat feeble. Spores are produced to a slight extent only 
or not at all. Such cultures are unsuitable for 
experimental purposes. 
A medium contaiming a sterile filtrate ob- 
tained from the brood of bees was devised by’ 
the writer (23) which meets the requirements 
(| of experimental studies. It is prepared as 
‘rp follows: Healthy larve taken from the brood 

comb are crushed and the crushed mass jis 

diluted with water to several times its volume. 
Li} This is placed in a flask, and after adding 
am a few c.c. of chloroform the flask is stoppered. 
and allowed to remain ‘at imcubator temper- 
ature overnight. The suspension then can be 
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Fig. 7.—A convenient method for obtaining sterile filtrates. 


filtered easily by using any bacteria-proof filter? (fig. 7). The 
filtrate is pipetted aseptically imto sterile tubes and stored until 


1 Larvee, prepupe, or pupe recently transformed furnish satisfactory brood material for making the 
bee-larvee media. These are picked from the brood combs, crushed, and used as meat in formulas ordinarily 
followed in making bouillonand agar. Excess heating should be avoided. In making the inoculations an 
aqueous suspension of the spore-containing material heated to 100° C. for one or two minutes should be 
used. A tube of the special agar liquefied is inoculated with a loopful of the heated suspension. After 
cooling it is incubated at about 38° C. Three days or more may be required to produce a visible growth 
(P1. VIII, E, F, G, H, 1). ; 

2Tn caring for and using the filter cylindersin these studies the followingcourse hasbeen pursued: The 
cylinderis immersed in water for afew hours or over night and is then sterilized in the autoclave. After 
being used for filtering a brood suspensionitis washed in water without scrubbing. To remove furtherthe 
brood material water is drawn through the cylinder under pressure asin filtering. Asaruleitis again im=- 
mersedin water and allowed toremain over night, after which, the filter being assembled, water isfiltered 
again. Itisthen ready for use and may bestored until needed. Cylinders which have been used repeat- 
edlyin this way have lost none of their efficiency. The vacuum chamber is madein two sections similar 
toa Novy jar. Vaselineis used on the wide ground flanges. No rubber band orclamps are needed, 

The flasks usedin the vacuum chamber of the apparatus before being sterilized arestoppered withcotton 
wrapped about a small-sized testtube. Thecylinder having been immersed in water issterilized together 
with the rubber connections and glass tubing in place, but without the glass mantle. In assembling the 
apparatussterilized connection between the cylinder and flask in the vacuum chamber is readily ob- 
tained through the opening in the plug left by removing the test tube. After a vacuum has been estab- 
lished in the chamber the stopcock may be closed and the pump turned off. 
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needed. About 1 c.c. of the brood filtrate is added to each 5 e.c. 
of agar liquefied and cooled to about 50° C. After being inclined the 
medium is ready for use and may be stored. Plating for pure cul- 
tures may be done by adding the brood filtrate to the agar at the 
time the plates are made.t 

When it is desired to obtain cultures from the spore form of 
Bacillus larvae, brood-filtrate agar is not a suitable medium in itself. 
The spores should be germinated first by inoculating bee-larve agar 
(p. 18) or egg-yolk-suspension agar. By plating in 2 or 3 days the 
vegetative form thus obtained, using brood-filtrate agar, pure cultures 
can be assured. Studies have shown, however, that Bacillus larvae 
is present in practically pure cultures in brood dead of the disease, 
and by heating the spore-containing material in aqueous suspension 
at 100° C. for one or two minutes as suggested above the occasional 
contaminating organisms are eliminated usually without plating. 

Bee-larve agar is limited in its usefulness on account of the large 
amount of brood required in its preparation. A more suitable me- 
dium, therefore, was sought. An unheated egg-yolk agar was found 
by the writer (28) to be very satisfactory. This is prepared as 
follows: Fresh eggs are used. After having been immersed in a dis- 
infecting solution the shell is broken, the white of the egg is poured 
off, and the yolk is dropped into a flask contaming about 70 c.c. of 
sterile water. With a sterile pipette the aqueous suspension of yolk, 
resulting from agitating the flask, is transferred to sterile tubes and 
stored until needed. In making an egg-yolk-suspension agar about 
1 c.c. of the egg-yolk suspension is added to each 5 c.c. of agar in 
tubes liquefied and cooled to about 50°C. The agar is inclined and 
may be stored until needed.? 


1 Larve, prepupe, or young pup may be used in obtaining the brood filtrate. The use of sterile 
water is a good precaution in making the dilution of the crushed brood mass. A dilution of 1 to 10 up to 
1 to 50 gives very satisfactory results, although lower and higher dilutions have been used with success, 
whileat incubator temperature an autodigestion apparenty takes place. The ‘‘autodigested” suspension 
is passed through filter paper before the bacteria-proof filteris used. For thelatter the Pasteur-Chamber- 
land F is very satisfactory. (Fig. 7.) The B grade has been used but the filtering is slower. The 
Berkefeld N has also been employed, butis less efficient. In using this latter type of filter gravity alone 
should beemployed. Ifthe weather is warm, or if the filtering is not to be done for afew days, the aqueous 
suspension may be allowed to remain at room temperature. This permits the changes which take place 
to advance sufficiently to make the filtering process comparatively easy. The chloroform saturated sus- 
pension of brood material has been kept at room temperature for more than three years withoutits useful- 
ness being impaired to any appreciable extent. After a considerable period the suspension becomes 
practically sterile and has been used without being filtered. When an early use of the filtrate is desiredits 
sterility should be tested by placing the tubes containing it at incubator temperature for a few days. 
Sometimesit is desirable to use other brood-filtrate media than the agar. In this event a smallamount of 
brood-filtrate may be added to any one of the media ordinarily used in the laboratory. Such special 
media usually support a growth of Bacillus larvae when inoculated with the vegetative form of the 
organism. 

2 Eggs obtained from the market labeled “strictly fresh” have been suitable as a rule for the egg-yolk 
Suspension. Egzs known to have been recently produced are to be preferred, however. Almost any of 
the more common e ‘Tic‘ent d's:nfecting solutions may be employed for sterilizing the eggshell. Aqueous 
solution of mercuric chlorid 1:1000; carbolic acid 5 per cent; formalin 10 per cent; and alcohol each have 
been used, mercuric chlorid being preferred. To insure sterility autoclaving of the flasks with the con- 
tained water has been practiced. A wide-mouthed flask is preferred. In securing the yolk aseptically, it 
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EXPERIMENTAL INOCULATIONS 


A very satisfactory colony for inoculation purposes is a queen- 
right nucleus that can be accommodated comfortably on from 3 to 5 
brood frames approximating the Langstroth size. The hive, the 
arrangement of the apiary, the colony, the feeding, and the manipu- 
lations in general are similar in the experimental study of American 
foulbrood to those employed by the writer in the study of sacbrood 
(25), Nosema-disease (26), and European foulbrood (27). The inocu- 
lated colonies were, therefore, in the open. Precautions tending to 
minimize the likelihood of robbing, swarming, absconding, and the 
accidental straying or drifting of bees should not be overlooked. 

The inoculations are made by feeding a suspension of the spores of 
Bacillus larvae in sirup or honey, the spores being obtained from pure 
cultures or from brood dead of American foulbrood. Three or four 
tubes of spore-containing cultures grown on brood-filtrate or egg- 
yolk-suspension agar furnish a suitable quantity of the virus. Like- 
wise the spores contained in three or four scales give satisfactory 
results. In some experiments, feedings made on successive days are 
desirable. Direct imoculation by means of a capillary pipette is 
less satisfactory in experiments on American foulbrood than in those 
on sacbrood.! 

The first symptoms of American foulbrood to be observed following 
the inoculation usually appear in the worker larve by the end of the 
first week and not earlier than the sixth day. The affected larve 
are in capped cells. Not infrequently the first evidence of disease 
noticed is the remains in cells here and there of partially removed 


is convenient to break the sterilized shell about one end of the egg, remove the pieces with flamed forceps, 
and, after making a small holein the other end, pour off the white. The yolk remaining is poured into the 
flask. By breaking the limiting membrane of the yolk at the time of pouring into the flask the processis 
facilitated. Different degrees of dilution of the egg yolk have been employed, 60 c.c. to 80 c.c. of water giv- 
ing satisfactory results. Any ingredient, such as the sugars, desired in the final medium may be added to 
the water of the flasks. The egg of the hen has been used in most of the studies reported here. Eggs of 
the duck were also found to be suitable. _ Occasionally a contamination of the egg suspension will be found. 
In these cases the suspension becomes firm after incubation resembling then the consistency of coagulated 
milk cultures. If the contamination is present it will be apparent in afew days after storing, or it may be 
determined earlier at incubator temperature. The sterile egg-yolk suspension as an ingredient for 
special media retains its efficiency for along period. Indeed an aqueous suspension of the dry residue from 
the yolk supension was found to be efficient after 3 years, although its value is then apparently somewhat 
impaired. 

Maassen (15) used bee-larvee and also brain agar in studying Bacillus larvae. The egg-yolk suspension 
agar, in the writer’s experience, has advantages over the brain agar. 

1 Cultures on the surface of agar are readily suspended in water asis also the disease materialin the decay- 
ing larve and scales of American foulbrood. ‘These aqueous suspensions are used in making the sirup or 
honey suspensions. From 1 to3c.c. of water for each scale is a convenient proportion. Sirup is made by 
bringing to the boiling point an aqueous suspension of granulated sugar in which the sugar used exceeds 
that of the water. When honey is used for the spore suspension it is diluted with water, the amount of 
water added being slightly less than that of honey. In most instances honey is less suitable than sirup 
inasmuch asit tends to encourage robbing especially during a dearth ofnectar, it needs to besterilized before 
use,andis moreexpensive. It was found that less than onescaleis sufficient disease material to produce a 
considerable amount of diseascin the colony. In some experiments one scale, therefore, might supply all 
of the spores needed although the use of a somewhat greater quantity of material is advisable in most 
instances, 
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larve (Pl. VI, D), about one-third of the larva being removed. The 
transparency seen in healthy larve disappears, and the bodies of the 
ones affected become more nearly opaque. Soon the color assumes a 
tint of brown which deepens as the process of decay continues, pass- 
ing through chocolate, coffee, and mahogany shades. In the earliest 
stages of the disease the body wall is ruptured more easily and the 
tissues are softer than in healthy brood. As the disease advances 
a ropiness of the decaying brood is to be observed, the characteristic 
odor appears, and a loss in the strength of the colony isevident. After 
a time an irregularity in the appearance of the brood comb is to be 
seen, the capped and uncapped brood being abnormally distributed 
with here and there perforated and sometimes sunken caps (PI. II, 
A,B,C). Still later the scales are found. 

The time at which the various symptoms appear varies. Climatic 
conditions, the amount of infection present, and the initial strength 
of the colony are some of the more important factors causing the 
variations. 

Whether a hive which has housed a colony infected with American 
foulbrood will transmit the disease is a question which has not been 
altogether solved but in experimental work all hives that have housed 
such colonies should be disinfected before they are used again. This 
can be done satisfactorily by flaming the inside of the hive. If 
gas is available the Bunsen burner is very satisfactory for this purpose. 
That no fear need be entertained from hives which have been flamed 
properly is demonstrated by the fact that the disease has not been 
transmitted by flamed hives in the experiments made in the present 
studies, although the number of such hives which have been used is 
large. The length of time that a sirup or honey suspension of Ameri- 
can foulbrood spores stands before the inoculation of a colony is 
made need not be considered in experimental work. 

From what is known of American foulbrood its transmission by 
queens is not to be expected. Two queens from diseased colonies 
were introduced into healthy ones in October and the colonies were 


kept under observation until the following July. The disease did 


not appear in either of them. In a number of instances during the 
investigations queens from American foulbrood colonies were used 
to queen nuclei made by division of healthy colonies. ‘These colonies 
were under observation for weeks or months before they were used 
for American foulbrood experiments. In no instance was the disease 
observed to result from the use of these queens. The conclusion is 
reached, therefore, that for most experimental work at least the possi- 
ble previous relation of the queen to diseased colonies need not concern 
one. 

The combs from an American foulbrood colony never should be 
given to a colony which is to be used for experimental purposes. 
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The bees from diseased colonies may be used again in certain well- 
selected cases by transferring them to another hive which may be 
supplied with comb from healthy colonies or with foundation strips 


or full sheets. 


Fig.8.—Capsule used 
in determining the 
thermal death 
point of spores. 


To insure that no infection is present a colony treated 
in this way should be under observation for a con- 
siderable period after brood rearing has begun in it 
before it is used again. 

* Further reference to the technique used in these 
studies will be made as the experiments are recorded. 


THERMAL DEATH POINT OF AMERICAN FOULBROOD 
SPORES 


In an earlier paper (24) the results from preliminary 
experiments were given which indicate the amount of 


heating that is necessary to destroy the spores of 


erican foulbrood when they are suspended in water. 


The importance of heat as a means for the destruction 


of these spores in practical apiculture is so great that 
a further development of the subject during these 
investigations seemed justifiable. 


RESISTANCE OF AMERICAN FOULBROOD SUSPENDED IN WATER 
TO HEATING 


In preparing the spore material for heating a much 


. diluted aqueous suspension of the disease material is 


drawn into capsules (fig. 8) made from glass tubing 
of small bore. After being sealed in a flame they are 
immersed in a water bath having a temperature and 
for the period desired in the heating. Cultures then 
are made using a loopful of the suspension from the 
capsule and brood-filtrate-egg-yolk-suspension agar. 

The results of the experiments given in the following 
table indicate the approximate amount of heating that 
is necessary for the destruction of the spores suspended 
in water. : 


Tasie I.—Preliminary experiments indicating the thermal death point of the spores of 


Bacillus larvae suspended in water ? 


First SET OF EXPERIMENTS. DISEASE MATERIAL RECEIVED FROM AMERICA 


Period of} Results as shown by cultures, 


Temperature. heating. October, 1913. 
°C. Oa Minutes. : 
0 0 0 | Numerous spores alive (check). 
90 194 20 | Many spores not killed. 
94 201 10 | One spore not killed. 
96 205 10 | All spores Killed. 
97 207 10 Do. 
98 208 10 Do 
99 210 10 Do 
100 212 5 Do 
100 212 10 Do 


1 About two minutes are allowed for the suspension within the capsule to reach the temperature of the 
water outside before time is reckoned. 
2 Fractions are omitted in this paper, the nearest whole number being given. 
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SECOND SET oF EXPERIMENTS. 


Period of 

Temperature. heating. 
oC °F, | Minutes. 
0 0 10 

91 196 10 

203 10 

96 205 10 

98 208 10 

99 210 10 

100 212 1 
100 212 2 
100 212 3 
100 212 4 
100 212 5 


DISEASE MATERIAL RECEIVED FRoM ENGLAND. 


Results as shown by cultures, October, 1913. 


Numerous spores alive (checlz). 
Spores not killed, about ~5 as many asin check. 
A but 2 spores killed. 
All aporee killed. 
0. 


Do. 
Spores not killed, about } as many as in check. 
All but 100 spores killed. 
All ae 20 spores killed. 
0. 


Do. 


THIRD SET oF EXPERIMENTS. 


DISEASE MATERIAL RECEIVED FROM FRANCE. 


23 


aap 
Temperature. cee f Results as shown by cultures, October, 1913. 
Gh ie Minutes 
0 0 10 | Numerous spores alive (check). 

90 194 10 | Spores not killed, almost as many as in check. 

92 198 10 | Spores not killed, about 4 as many as in check. 

93 199 10 | All but 30 spores killed. 

94 201 10 | All but 100 spores killed. 

96 205 10 | All but 12 spores killed. 

98 208 10 | Ail but 1 spore killed. 

99 210 10 | All spores killed. 


FourtH SET OF EXPERIMENTS. DISEASE MATERIAL RECEIVED FROM CUBA. 


Period of > ss B 
Temperature. heating, Results as shown by cultures, January, 1915. 
SiGe °F. Minutes 
92 198 Numerous spores not killed. 
93 199 10 Do. 
94 201 10 | Fewer spores not killed. 
95 203 10 Do. 
96 205 10 Do. 
97 207 10 | Fewer alive than at 96° C. 
98 208 10 | Fewer alive than at 97° C. 
9Y 210 10 | About 12,000 spores not killed. 
100 212 10 | About 200 spores not killed. 
100 212 il Do. 
100 212 12 Do. 


From Table I it will be observed that all the spores taken from the 
American sample were killed by heating at 96° C. for 10 minutes; 
that all of those from the English sample were also killed at 96° C. 
in 10 minutes; that all of those from the French sample were killed 
at 99° C. in 10 minutes; and that all of those from the Cuban sample 
were killed at 100° C. in 11 minutes. Spores from the different 
samples varied, therefore, in their resistance to heating, those from 
the American and English samples being slightly less resistant than 
those from the French one which showed in turn slightly less resist- 
ance than those from the Cuban sample. 

By a comparison of the results it will be observed that many spores 
among those heated were destroyed at 90° C. in 10 minutes and that 
the percentage remaining alive when the higher temperatures were 
used rapidly decreased. The results indicate also that by increasing 
the temperature the time required to destroy the spores is decreased 
and vice versa. 
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Further studies relative to the thermal death point of the spores 
were made on disease samples received from different localities in the 
United States. The technique followed is similar to that given 
on page 22. The results obtained are summarized in Table II: 


TABLE II. — Variation 1 in thermal death point of American Soulbrood spores from differ- 
ent localities in the United States 1 


Source of samples. 


Period of 
Temperature. = 

neaines | vash. fatina.| Nebr.| Ohio.| TH. | Coto.| wis. {Pean-|Penx.| Ohio | ron 

> Minn. Nebr Oo Ti | Colo: | Mite so0m Wasaga 4510) 

aoe °F. Minutes. 
100 212 wo) —- | -—-| +] 4] rt+] +] +} 4] 4+ 
100 212 5s} — | —-]| ~f -]}] -/|—] +] 4] 4]4)]4 
100 212 iy pee isha ie nce NEE ME YC he Ly | ae |p 
98|- 208 |. 10 |e ee en ea en eee 
95 203 Se Sep ee Byes Sy es 


1 The minus sign in Tables II and IV indicates that the spores were not all killed and the plus sign that 
all of them were killed. 


The results in Table IT show that in none of the 11 cases were all 
of the spores killed in 1 minute at 100° C.; in 5 of the cases they 
were all killed in 5 minutes at this temperature while in 6 of them 
they were not. In two instances out of the 11 they were not killed 
in 10 minutes at 100°C. They were killed, however, at this tempera- 
ture in 11 minutes. It will be seen also that in no instance were all 
of the spores killed at 95° C. in 10 minutes, but in 5 of the 11 cases 
all of them were killed at 98° C. within the 10 minutes. 

By these results it is shown again that the spores of different 
samples do vary in their resistance to heat. No conclusion is drawn 
regarding the cause, environmental or otherwise, for this variation. 


TIME A FACTOR IN THE DESTRUCTION OF AMERICAN FOULBROOD SPORES BY HEAT 


Suspensions of scales of American foulbrood in water were heated 
for different periods at 100° C. In the following table are recorded 
the results obtained when the spores from the Cuban sample were 
used : 


Tasie IIT.—Period of heating American foulbrood spores a factor when 100° C. is used 


Temperature. ewes f Results as shown by cultures, February, 1915. 
oC: Ne Minutes. 

100 212 0 | 25,000 spores present (estimated). 

100 212 1 | 4,000 spores not killed (estimated). 

100 212 5 | 148 spores not killed. 

100 212 6 | 220 spores not killed. 

100 212 7 | 248 spores not killed. 

100 212 8 | 44 spores not killed. 

100 212 9 | 7 spores not killed. 

100 212 10 | 14 spores not killed. 

100 212 11 | All spores killed. 

100 212 12 Do. 

100 212 13 Do. 

100 212 14 Do. 

100 212 15 Do. 
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From Table IIT it will be noted that there were about 25,000 
colonies in the check cultures. When asimilar suspension was heated 
only about 4,000 spores remained alive after 1 minute at 100° C., 
148 after 5 minutes, 44 after 8 minutes, 14 after 10 minutes, and 
none after 11 minutes. The conclusion is reached, therefore, that 
the time element is a factor in the. destruction of the spores of 
American foulbrood by heat. 

These results further show that the spores of different samples 
vary in their resistance to heat. It is interesting to note that by 
heating the disease material at 100° C. for one minute, more than 
80 per cent of the spores were killed, and in 5 minutes, more than 
99 per cent were destroyed. 

In Table IV are summarized results which indicate further the value 
of the time element in the destruction of the spores by heat. In this 
instance spore material from 6 different localities was used, the heat- 
ing being done at 95° C. with the spores suspended in water: 


TasLe 1V.—E fect of the time element when 95° C. ts used in heating American foulbrood 
spores 


Source of samples. 


Temperature. nae f 
Cuba, Colo. |Ohio 4504.) N.Y. |Ohio4519.| Minn. 
°C. whe Minutes. 
95 203 12 — — — - — — 
95 203 15 — — - — — _ 
95 203 20 — - - _ = + 
95 203 5 40 — - + — = + 
95 203 50 - - + 3e a ar 
95 203 60 | + + + + + + 


From Table IV it will be observed that the spores from all of the 
six samples studied resisted in an aqueous suspension a temperature 
of 95° C. for 15 minutes. Spores from the Minnesota sample were 
destroyed in 20 minutes at 95° C., those from the Ohio and the New 
York samples in 40 minutes; and those from the Colorado and Cuban 
samples in 60 minutes. The time element is shown again to be an 
important factor in the destruction of American foulbrood spores. 

These results show also, as was shown above, that the spores con- 
tained in different samples vary as to their thermal death point. 

Other experiments were made showing the resistance of the spores 
of Bacillus larvae suspended in water to heat.- At 93° C. (199° F.) 
spores from a Minnesota sample were destroyed in one hour, those 
from a Colorado sample in 14 hours, while those from the resistant 
Cuban sample were not all killed in 3 hours. Experiments using 
Cuban, Colorado, and Pennsylvania samples showed in each instance 
that numerous spores remained viable after 2 hours’ heating at 90° 
C. (194° F.). 
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RESISTANCE OF AMERICAN FOULBROOD SPORES TO HEAT WHEN SUSPENDED IN 
HONEY 

The effects of heating American foulbrood spores suspended in 
water are shown above. When suspended in honey a different degree 
of resistance is to be expected. ‘The technique used to obtain facts 
relative to such resistance is quite similar to that described (p. 22) 
for the experiments in which the spores were heated in aqueous sus- 
pensions; instead of water, however, the spores were suspended in 
honey ? or honey diluted with water. For testing whether or not the 
spores had been killed by the heating, cultures were used in some 
instances and bees in others. 

In Table V are summarized some of the results obtained when the 
spores suspended in honey diluted with an equal volume of water 
were heated and tested by cultures: 


TaBLE V.—American foulbrood spores heated in diluted honey } 


Temperature. henod of Origin of sample. Cultural results. April-May, 1915. 
g. 
ae. oF. Minutes. 
98 208 10 | Nebraska.....-.------ noccbospssesne Numerous spores not killed. 
98 208 10]? News Morkisy 2 oie. os Sees ee eeies Do. 
98 208 20 Ose! OU cr ae Sa ac ieee Do. 
98 208 20}; Nebraska Y= (2/380 ga Se eee ae Do. 
98 208 20 Clin ois: ho ela: b22 Bsoeeet ne fecielsiia Do. 
100 212 10 =) Do. 
100 212 20 Do. 
101 214 8 Do. 
101 214 10 Do. 
102 216 CO.) oF ee Bee a aoe Ge ood as Saab Do. 
103 217 3 | Washington State.............-.---. Do. 
104 219 3 Org SPS Bae RR EEE et te 0. 
105 221 Bil Ouba wi cca eo About 500 spores not killed. 


1 The altitude of the laboratory in Washington being nearly sea level the boiling temperature of water 
is almost 100° C. The higher temperatures recorded in this table and the following one were obtained 
by immersing the capsule containing the suSpension in a solution of sodium chlorid and other salts. 

Table V shows that numerous spores were alive after being heated 
in a suspension of honey diluted with equal parts of water for 20 
minutes at 100° C. The spores of American foulbrood are not 
destroyed by heat as readily, therefore, when suspended in diluted 
honey as when suspended in water. 3 

Experiments were made in which the spores were heated suspended 
in undiluted honey and tested by the cultural method. Table VI 
indicates the nature of the results obtained: ’ 


1 The honey used was purchased at the market in sealed cans and wasfrom the crop of the year preceding 
the experiments. 
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Taste VI.—American foulbrood spores heated in undiluted honey 


Period of 


Temperature. heating Origin of sample. Cultural results. April-May, 1915. 
ak O68 oF. Minutes. 

100 212 UCN (Cit of: EAS Ar BI 9 ps eee a Numerous spores not killed. 

100 212 10 Ae ee States oesee on cies ve Do. 

100 212 10 Gu EF ahaa -\chalchal wateneia a hintaan ats Do 

100 212 QM Cubans. camel ance tebe esi 6 Do 

100 212 20 Wactineton States cc else EA nse s arat a Do. 

100 212 20 10) SS ee Bh ete oS 3 Rite Do. 

103 217 D5) Washington) Stateio aso. seein <2) Do. 

105 221 20 (3 oa es eS A Do 

105 221 20 Cubaes...) she. eee oh ee oe Do 

107 225 20 (: fo A SE a ce | 8 Cae Do 

107 225 30 C0) Sema tei S.-'-- See Sees Do 

107 225 40 (3 (RARER Se ee 2 a Do 


From the results given in Table VI it will be observed that in every 
instance the spores suspended in honey resisted 100° C. for more than 
10 minutes. It will be noted that numerous spores were alive after 
being so heated for 20 minutes. In fact they resisted 105° C. for 20 
minutes and more. It is shown that numerous spores from the re- 
sistant Cuban sample were still alive after 40 minutes heating at 107° 
C. When suspended in honey, therefore, spores are much more re- 
sistant to heat than when suspended in water (p. 22) or when sus- 
pended in diluted honey (p. 26). 

While the thermal death point has not been definitely determined 
for the spores suspended in honey, the results obtained indicate that 
the point was being approached by the experiments of Table VI. It 
was found that the spores suspended in honey were killed readily 
by heating in the autoclave at 15 pounds pressure, being destroyed, 
in fact, by the time this pressure was reached. In making these tests 
the suspension in test tubes was brought to 100° C. before being 
placed in the autoclave. After the heating cultures were made. 


SPORES HEATED IN HONEY AND FED TO BEES 


A further set of experiments was made in which American foulbrood 
material suspended in honey was heated to 100° C. and tested by the 
inoculation of colonies of bees. In performing the experiments a 

concentrated aqueous suspension of the disease material was added to 
hot honey, which is handled more readily than the cooler honey, until 
each 15c¢.c. of honey suspension contained the material from 8 to 5 scales. 
This was then distributed in test tubes, each tube receiving about 15 
c.c. of the suspension. These tubes were heated as were the aqueous 
suspensions in experiments reported above (p. 22), by immersing them 
in water. After heating, the contents of the tube were added to sirup 
and colonies were inoculated. In Table VII some of the experiments 
performed are summarized: 
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TaBLeE VII.—American fouldrood spores heated in honey and fed to bees 


Period of 


Date of inoculation. Temperature. heating. Results of inoculation. 
1916 2G elie Minutes. 
Atae 25 ee ees Bee ee See. 100 212 10 | American foulbrood produced. 
Sepeaiaes sh eye rie Seater mate 100 212 12 | No disease produced. 
WORE cal ese tie eta neat ee cecioset 100 212 15 Do. 
DY yaa eeuyreyaes yea ey teed gall. dea eee 100 212 18 Do 
PATP 2D 82 hee nh BRS LE va De 100 212 20 Do 
Septiik2 :Ss0u.7 sess eee ne 2 2 ee 100 212 25 Do 
UNE: Ue ae a CE 3 RE 100 212 30 Do 
AMIE 25: os PSS SEE = cee oats 100 212 30 Do. 
pe RR Seah, Sc anes Oe 100 212 45 Do. 
Oetaliaek . setae: pele Be ee oe | 100 212 90 Do. 
Ooenteees scene <p ee seers sae 100 212 120 Do 


Tt will be noted from Table VII that American foulbrood was 
produced after: the scale material had been heated in honey for 10 
minutes at 100° C., but was not produced when this temperature 
was maintained for 12 minutes or longer. The amount of heating 
required to prevent American foulbrood in the experiments recorded 
in this table is not as great as might have been expected from an 
examination of Table VI. The results tend to indicate that the 
virulence might have been affected somewhat before the spores 
were killed. Sufficient data to prove the point, however, are yet 
lacking. 

From, the various experiments relating to the thermal death point 
of American foulbrood spores ‘recorded on the foregoing pages, it 
will be observed that 100° C. maintained for 10 minutes, with an 
exception now and then, is sufficient to kill all of the spores when sus- 
pended in water. It will be observed also that 98° C. applied for 
10 minutes will do this in many instances and that 95° C. is sufficient 
in some cases. It is shown, furthermore, that a large majority of 
the spores are killed at 90° C. in 10 minutes and also that a very 
large number of them are killed at 100° C. in 1 minute. 

That a difference exists in the thermal death point of American 
foulbrood spores was expected. A difference is seen in the spores 
from, different samples, in those from different larvee or pupz in the 
same sample, and indeed in those of the same larve or pupe. The 
maximum difference, when expressed in terms of degrees of tem- 
perature, between the most resistant spores of any two samples 
among those studied, the temperature being maintained for 10 
minutes, is approximately 7° C.; and when expressed in time, the 
temperature being maintained at 100° C., is approximately 7 minutes. 
These differences are for the spores suspended in water. Suspended 
in honey a greater difference is to be expected. That still greater 
variations exist than those observed in these studies is most certain. 
To meet such differences the beekeeper has been urged to employ 
for the destruction of the spores in practical apiculture somewhat 


EE eee 
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more heat than the minimum amount that is required as determined 
by experimental studies. 


RESISTANCE OF AMERICAN FOULBROOD SPORES TO DRYING 


That the American foulbrood spores are able to withstand much 
drying has long been realized by beekeepers. Scales of American 
foulbrood obtained in 1907 from colonies in which the disease had 
been produced through experimental inoculation were stored in 
the laboratory. Each succeeding year for 9 years tests were made 
relative to the viability of the spores in this material. In 1916 


they were still alive and as resistant to heat and as virulent as at 


any previous time. It is most likely that they would have with- 
stood the drying at room temperature for a very much longer period 
than the 9 years. 


RESISTANCE OF AMERICAN FOULBROOD SPORES TO DIRECT SUN- 
LIGHT 


RESISTANCE OF AMERICAN FOULBROOD SPORES WHEN DRY TO DIRECT SUNLIGHT 


In conducting experiments relative to the resistance possessed 
by spores of Bacillus larvae, when dry, to the direct rays of the sun, 
a heavy aqueous suspension is made of the scale material. This 
is spread in a thin film in Petri dishes and allowed to dry, the amount 
of disease material in each dish being equal to that in from 3 to 5 
scales. The dry layer of disease material is then exposed to the 
direct rays of the sun and after different intervals of time cultures 
are made to determine whether the spores are viable. Table VIII 
gives a summary of the experiments made: 


TaBLe VIII.—Resistance of spores of Bacillus larvae when dry to the swn’s rays 


Date of experiment. sate Results as shown from cultures. 
1916 Hours 

PRAT ary lee ee aera mec a ele en a Mee cenit doe aie eee eee 2 | Numerous spores not killed. 
PREIS AS ee Sees mae ne ah eee act Wis umes cated 4 | Many spores not killed. 
Benin beet arene Scrat wees cai NIE Sieh oo sakes ecoldeeeeaseoes 5 Do. 

Ca ee eerie Seu aie wee Ie ae eee eee 7 | Several spores not killed. 

LUGE See eSB OCer COUR ECS DAC E eer PRE eATe ae areas Bo. 10 | Few spores not killed. 

Senior) Ame ee CLE SIRT ES ae ae 11 Do. 
SIS OTS 74a eect Oe CEI CCIE R SIE oEE ie Em Pa ae ee 12 | Many spores not killed. 
NEDeeeOeiee ee see a SRR Oe LU ANE bee. deese fo. Sea 29 | Several spores not killed. 
ESE DE PAD ele BRO I aD SRC a oe ee rE 38 | A dozen spores not killed. 
Ee OR) Zool aS Be Soe SOR Re anaes a ae a te et 28 | All spores killed. 
PURE Ste or ele ors eal oeeinins o yae gone = Soo ho oo kB 37 Do. 
BOpicat era veel kc cee omnse Sein Lee otk TLE eR 41 Do 
S017 2s A SRR OSE Eee Bea rae Se eee eae Sea Bey 41 Do 
DEpuelGw eee Myr sale Eel eee pases ied es pats 44 Do. 

We 3 SESE CER Se SIE Clee ESIC CTE a EER RS NE ee 61 Do. 
DOR UR case Ce Pee te ee el a ae 79 Do 


From Table VIII it will be observed that all of the spores were 
killed by the direct rays of the sun in from 28 to 41 hours. It is 
natural to expect that the period required would depend upon the 
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date and time of exposure and somewhat upon the thickness of the 
film of disease material exposed. The climatic conditions during 
August and September, the time of the experiments, were naturally 
favorable for the destruction of bacteria by sunlight. The expos- 
ures were made only when the sky was clear, preference being given 
to the middle portion of the day. 


REISISTANCE OF AMERICAN FOULBROOD SPORES WHEN SUSPENDED IN HONEY TO 
DIRECT SUNLIGHT 

The technique used is as follows: A concentrated aqueous suspen- 
sion of spore-containing material is added to honey in Petri dishes, 
each dish receiving the disease material equal to that of from 3 to 5 
scales. These are exposed to the direct rays of the sun. The tops 
are used with the dishes to prevent robbing by bees. After different 
periods of time the contents of a single dish are added to sirup and 
fed to a colony free from disease. A set of experiments made is 
summarized in Table IX. 


TaBLE 1X.—Spores of American foulbrood in honey cxposed to the sun 


Date Period 


of exper- | of expo- Results of inoculation. 
iment. sure. 
1916. Hours. 
July 13 6 | Large amount of American foulbrood produced. 
July 15 13 | Moderate amount of disease produced. 
Weeks. 
July 26 2 | Scattering cells of diseased brood. 
Aug. 25 4 | Considerable diseased brood. 
Sept. 1 5 0. 
Aug. 10 4 | No disease produced. 
Aug. 18 5 Do. 
Sept. 14 6 Do. 
Do. 8 Do. 


The data given in Table IX show that the spores of American 
foulbrood when suspended in honey were destroyed by the direct 
rays of the sun in from 4 to 6 weeks. As the suspension in each 
dish contained the disease material of from 3 to 5 scales it is evident 
from the results obtained that many of the spores must have been 
destroyed in a comparatively short period. 

It will be readily appreciated that here again the period required 
for the destruction of the spores will vary greatly with the intensity 
of the sun’s rays to which the honey suspension is subjected. In 
these preliminary experiments the period of exposure represents the 
entire time from the beginning of the exposure to the time of inocu- 
lation. There were days during the exposure on which the sun 
shone a great deal, others on which it shone very little, and still 
others on which it did not shine at all. The comparatively low tem- 
perature of the honey suspension attained during the exposure to 
the sun could not have been an important factor in the destruction 
of the spores. 
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RESISTANCE OF AMERICAN FOULBROOD SPORES TO FERMENTATION 


A few preliminary experiments relative to the effect of fermenta- 
tive processes on the spores of American foulbrood were made. The 
processes involved concern chiefly the sugar splitting and the proteo- 
lytic enzymes. In experiments relative to the former, the scale 
material was suspended in a 20 per cent aqueous solution of honey 
and, in those relative to the latter, it was suspended in a 1 per cent 
aqueous solution of peptone. In each case a small bit of soil was 
added to inoculate the suspending solution still further. These 
suspensions, respectively, were distributed in test tubes and allowed 
to undergo fermentation. Observations were made at incubator and 
outdoor temperatures. The outdoor temperature was that which 
obtained in an empty hive body covered, and standing in the apiary 
at the time of the year shown by the dates of the experiments. After 
intervals reckoned in days colonies free from disease were inoculated, 
each with a suspension from a single tube. The experiments are 
summarized in Table X: 


TaBLe X.—Resistance of the spores-of Bacillus larvue to fermentation 


Date of ‘ 

aenet: Bee cts Period. Temperature. Results ofinoculations. 
1916. Days 

UPR PA ORC. ..<. =< sc---025- 26) OULCOOES?= = =e are eee American foulbrood produced. 

Sept. 9... domes S255. 226i? 53 OS aeeas< = Bene Rene Do. 

Aug. 11 Gin ease ees eee 24,\ Incubators: -seeeeeeeeeee Do 

Sept. 9 0} 6? Cae ae 53 Oss -SEcE es ae ee 8 Do 

Aug. 14.2) Peptone-......-.-..-- 26)" Outdoorss-52- eens eee Do 

Sept. 9 dori! see. -2kihs 33 O satis eee Do 

Aug. 11 GIT Sea ee ea 24) Incubators eee es Do 

Sept dozess 53 O:.:7R Stes Rees. Do 


From Table X it will be seen that in the presence of fermentative 
processes in the honey solution and in the peptone solution the spores 
were alive and virulent after 53 days at incubator and at outdoor 
temperatures. It is quite probable that they would have remained 
so for a very much longer period. 


RESISTANCE OF AMERICAN FOULBROOD SPORES TO CHEMICAL 
DISINFECTANTS 


While a mass of data was obtained relative to the effect of chemical 
agents on the spores of American foulbrood, the results are still 
considered as being preliminary in nature. In conducting the 
experiments a suspension of disease material in an aqueous solution of 
the disinfectant was used. This was drawn into capsules * (fig. 9) 


1 The ampules used are made from glass tubing of small bore by heating and drawing it into three bulbs. 
The two intermediate constricted portions are wrapped with cotton. After being sterilized the ampules 
are filled with the spore-containing suspension sealed and placed at different temperatures. Incubator, 
room, and outdoor temperatures were employed. At the timeof making the cultures the ampule is broken 
at the two intermediate constrictions and the spore-containing suspension used in making the inocu- 
lations is obtained from theintermediate bulb. By this method an immersion ofthe spores in the solution 
for the entire period is assured. 
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and sealed. After different intervals of time the suspension was 
cultured, using brood-filtrate-ege-yolk-suspension agar. 
The results show that spores of American foulbrood were alive 
after being in suspension in 1, 24, and 5 per cent aqueous solutions 
of carbolic acid (commercial) for months at room, outdoor, and ice- 
box temperatures, respectively. The maximum period 
during which any suspension was kept at ice-box 
temperature was 32 months. At incubator temper- 
ature the period during which the spores remain alive 
in 5 per cent carbolic acid is better reckoned in weeks 
than months. In 5 and 10 per cent solutions, re- 
spectively, of formalin (37 per cent formaldehyde) it 
was found that they were viable after 6 hours, and in a 
20 per cent solution they were alive after 30 minutes. 
While the spores were alive in the formalin suspensions 
after these periods, the evidences obtained indicate 
that the chemical death point was being reached. 
Mercuric chlorid was resisted for days in 1 to 1000 and 
1 to 500 solutions, respectively. 

Inasmuch as the spores of American foulbrood resist 
the action of carbolic acid for more than a month 
under fairly favorable conditions for their destruction, 

_ this agent could scarcely be used with profit in prac- 
tical apiculturé. As the destruction of the spores with 
formalin is a question of hours only, itis possible in 
well-selected cases that use could be made of this 
agent. Since mercuric chlorid in strengths ordinarily 
used is resisted by the spores for days and furthermore 

is such a violent poison, its value as a disinfectant in 
American foulbrood is evidently limited. ‘The general 
Fic9-Capsule used CONnclusion in regard to chemicals as disinfectants is, 
indeterminingthe therefore, that they offer very little promise as a 
ee oe. practical means for the destruction of the spores of 


to chemical disin- : 
fectants. American foulbrood. 


EFFECT OF DRUGS ON AMERICAN FOULBROOD 


Divers experiences have been reported by beekeepers relative to 
the value of drugs in the treatment of the bee diseases. The fact 
that the spores of Bacillus larvae possess a marked resistance to chem- 
ical disinfectants tends to discourage hope that such substances 
would be of much therapeutic value when employed as drugs in 
American foulbrood. Such a conclusion, naturally, would not follow 
necessarily. Some data relative to the effects of drugs on this disease 
have been obtained through experimental inoculations using beta- 
naphthol, U.S, P.; carbolic acid (phenol), C. P.; oil of eucalyptus, 
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U. S. P.; formic acid, C. P.; salicylic acid, U. S. P.; salol (phenyl 
salicylate, U.S. P.); and quinin (bisulphate of quinin, U.S. P.). 

In making the inoculations a suspension of scale material in water 
is added to medicated honey and colonies free from the disease are 
fed. The different drugs are used in different proportions. Honey, 
rather than sirup, is employed since the bees will take the drugs in 
higher proportions when in honey than when in sirup. The strength 
that they will take varies somewhat with the conditions present. 
The higher proportions recorded in Table XI summarizing the 
experiments approximate the maximum amount that can be em- 
ployed: 

TaBLE XI.—IJndicating the effect of drugs on American foulbrood 


Date of ; 
experi- Drugs. Strength. Results of inoculation. 
ment. 

1916. 
July 11 Hgtenaphthol Besera erie = Seite te) lore eich ore seus 1:2000 

VERO | mnie Oeste eee nin accisis ise sion = ani nino Sees 1:1000 
June 5|]..-.. a5 ee guia Fae ee eect oe se Re ES 2:1000 
Ot veten | Wal DONC ACIG so ces. taint amie ncn aia canes aee 1:2000 
une 20]....- COREA soe aie Te ae A fa eR 1:1000 

ae ia" USE SOR LS Ge ane SRE pesmi fete 2:1000 
Nae eper GOS aes Ee S825. Rie dae ty ale Soyo 10:1000 
Jul a. oe of eucalyptus . ene eat Babee ae ete Mea acc ot 
1 OMMalineseseseees sacs Ras eee eon eee oo ‘ - 

TD. Emeciotcid’ ss. oer Tee 9000 |}AMmerican foulbrood produced. 
May 29]..... OLDE SA Ts SRN Be 9 1 Tere OE 1:1000 
June 5]}..... (0: AACE ESS te BE CS SEE IARI toe eh ha 2:1000 
Arlyn SalOl Acie i Sot ae hope ines wicisoc'e S22 = ae de 2 ee 1:2000 
May 729\- 22 CO son SRE G ae Se lrebet ihe ah oie Ia Mae see dmlet ye 1:1000 

une 5|..... OO oP es Bae cee SEE INE ee a RO Te ae ees Berea 2:1000 
July 11 Hie vasee a kel ieee Jee etete Mepmegiatee a ae 2:1000 

ay -29 |..... GO pa eres: ets sti dace rice see + - tage st Sete 3:1000 
MNO 4-15 CO sendgeeioen sides ae Stir SBE are mee Ae c 10:1000 


From Table XI it will be seen that American foulbrood was pro- 
duced in all cases in which colonies were fed a suspension of diseased 
material in honey medicated with. betanaphthol, carbolic acid, 
eucalyptus, formic acid, salicylic acid, salol, and quinin respectively 
in the proportions noted. In some of the experiments medicated 
sirup free from the spores was fed to the inoculated colony on a few 
successive days following the inoculation, and in some instances 
both preceding and following it. Whether these treatments with 
the medicated sirup produced any effect on the infection—positive 
or negative—was not determined definitely. 

The results thus far obtained indicate that the drugs cited here 
can not be depended upon, for the present at least, in the treatment 


- of American foulbrood. They do not preclude the possibility, 


however, that other drugs might be used with profit, but they do 


emphasize the fact that beekeepers should make sure that the value 


of a drug has been clearly demonstrated before it is used. 
132862°—19—Bull. 8093 
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The results recorded on the foregoing pages relative to the resis- 
tance of American foulbrood spores to heat, drying, fermentation, 
sunlight, chemical disinfectants, and drugs, it will be observed, 
are only approximate from a strictly technical viewpoint. For 
practical purposes, however, they are in most instances entirely 
adequate. In using any of these results in devising means for the 
destruction of the spores in practical apiculture the time element 
determined by the experiments should be somewhat increased in 
each instance. 

MODES OF TRANSMISSION 


Observations made during these studies point to certain paths 
by which American foulbrood is most likely to be transmitted. The 
evidences obtained tend to support certain views which have been 
entertained by beekeepers and to negative others which have been 
suspected by some as possible. Inasmuch as the disease may be 
produced in larvee by feeding a colony Bacillus larvae in pure cultures, 
or from decaying remains of brood dead of the disease, it would 
seem that the portal of entry of the virus is somewhere along the 
alimentary tract of the larva. The fact leads at once to the sus- 
picion that the food of bees contaminated with disease material 
is a very probable source of infection. Were the water supply. 
likewise contaminated naturally it also would be a probable source of 
infection. Two prerequisites for the appearance of American foul- 
brood in a colony are (a) larve of the feeding age, and (6) a suffi- 
cient amount of disease material in the food or water supply of 
bees. A small amount of brood or a heavy flow of nectar, therefore, 
would tend to reduce the likelihood of colony infection under con- 
ditions otherwise favorable for infection. 

Bees manifest a tendency to remove brood dead of American 
foulbrood as shown by the remains of partially removed larve and 
pup dead of the disease. The removal is done piecemeal and is 
accomplished more readily when the brood is recently dead than 
when the decaying remains are at all viscid or dry. Were the fate 
of the removed fragments definitely known much more could be 
said concerning the spread of the disease in the colony. It has 
been observed that a small amount of infection—a dead larva or 
pupa here and there—may be present in a colony for months, a 
year, and even longer, without causing a heavy infection init. There 
is considerable evidence to support the belief that occasionally in 
cases of light infection the disease may disappear unaided by treat- 
ment. Such a phenomenon frequently takes place in sacbrood and 
indeed should be expected to occur now and then in American 
foulbrood. It should be emphasized that such a course for the 
disease, if it occurs at all, is unusual. Although American foulbrood 
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usually spreads more or less rapidly within an infected colony, the 
fact remains that it frequently does not. 

It was observed that many diseased colonies could be present 
in the experimental apiary without causing the infection to be 
transmitted to other colonies in the apiary. This fact is naturally 
very significant. On account of it certain views concerning the 
manner of transmission of the disease, which might otherwise be 
regarded as probable, are rendered untenable. If flowers visited 
by bees from infected colonies, and later by bees from healthy ones, 
are a likely source of infection, or if the water supply is such a source, 
or if drones are a means by which the disease is likely to be trans- 
mitted, there would have been a different observation to report. 

In a few instances in the experimental apiary colonies near heavily 
infected ones became infected. That the disease may have been 
transmitted through the drifting or accidental straying of bees is 
one of the possible explanations for the disease in these cases. That 
a slow form of robbing might have taken place should be considered 
also as a possible explanation in these cases. 

Brood comb containing brood dead of American foulbrood will 
transmit the disease when placed in a hive containing a healthy 
colony. The likelihood that the disease will be transmitted by 
combs from diseased colonies, which contain honey but no brood, 
probably is frequently overestimated. It would seem that a spread 
of the disease in this way would depend considerably upon the amount 
of infection that was present im the colony from which the combs 
wereremoved. This would depend also somewhat upon the presence 
or absence of brood in the colony to which the combs were given. 
Sufficient facts are wanting to make definite statements in regard to 
the probability of infection in such cases. Robbing material con- 
taining the spores of American foulbrood from any source is likely to 
transmit the disease although it does not necessarily do so. 

How often the disease would be transmitted through the medium 
of hives which have housed infected colonies, if used without flaming, 
has not been definitely determined. Experimental colonies have 
been placed in such hives and kept in them for a year with the result 
that no disease appeared.‘ It probably will be found that in many 
cases the treatment of the hive bodies is not necessary to sure that 
the disease will not be transmitted by them. From the results 
obtained by practical apiarists and by observation made in the exper- 
imental apiary during these studies the fact has been well established, 

1 Anexperiment in whichfour colonies were used, wasmadeas follows: Theinsides of the top and bottom 
board of each of two hive bodies were washed with an aqueous suspension of spore-containing material and 
allowed to dry, and the inside of the walls of each of two others were similarly washed and allowed to dry. 
Colonies were transferred to these four hives during the summer. American foulbrood appeared in the 


two Colonies housed in hives of which the tops and bottoms had been contaminated with disease material 
but did not appearin theothertwo. Theseresults, naturally, are not conclusive but they are suggestive. 


36 BULLETIN 809, U. S. DEPARTMENT OF AGRICULTURE. 


however, that the danger of infection from such hives is entirely 
removed by carefully flamimg them inside. The destruction of the 
hive is, therefore, never necessary. Chemical disinfectants should 
not be relied upon for the destruction of the spores of American 
foulbrood as the spores possess a marked resistance to these agents. 
If any chemical is used, however, strong solutions of formaldehyde 
would seem to offer some promise of being efficient. 

After disease material is removed from the hive by bees and is 
released from them the chances that a bee will come in contact with 
the contained spores again is comparatively slight. Furthermore 
such spores must withstand certain agencies in nature which tend 
to destroy them, thus decreasing the chances still further that disease 
will result from them. If exposed to the direct rays of the sun the 
spores will be destroyed more or less readily (p. 29). Much less is to 
be expected from fermentation (p. 31) or drying (p. 29). Should the 
spores reach the soil or running water the likelihood that bees will 
come in contact with them and carry them to the feeding brood is 
indeed slight. Should the spores reach the water supply of the bees 
and should this supply be a stagnant or slow-moving body of water, 
the chances naturally would be somewhat increased. 

Experiments in which queens taken from diseased colonies were 
introduced into healthy ones were not kept under observation for a 
sufficiently long period to justify a definite conclusion as to the prob- 
ability of the disease being transmitted by such queens, but the data 
- secured indicate strongly that the danger of transmission in this 
‘way has been overestimated at times. The favorable results ob- 
tained by beekeepers using the shaking treatment should tend to 
allay fear in regard to the transmission of the disease by this route. 
Indeed the facts thus far obtained suggest that the transmission of 
the disease by way of the queen should not be expected. 

The spread of the disease by means of the clothing or hands of the 
apiarist is not to be-feared especially. The hive tool, if brought in 
direct contact with dead larve in testing for the presence of disease, 
might serve to transmit infection, but during the usual manipula- 
tions it would not. The practice sometimes followed by beekeepers 
of thrusting the hive tool into the soil to clean it would seem to be a 
safe procedure. Washing the hands with water instead of disinfec- 
tants is more convenient and is sufficient. Reasonable care should 
be taken, of course, that the water used does not become or reach 
the water supply of bees. 


DIAGNOSIS 
American foulbrood is the easiest of the brood diseases to diag- 


nose. Methods by which this can be done in the laboratory are 
given in an earlier publication (16). The diagnosis as a rule can be 
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made from the symptoms (p. 5) alone. No helpful sign is found in 
the appearance of the adult bees. A weak colony justifies a suspi- 
cion that a disease is present. In American foulbrood, as in Euro- 
pean foulbrood and sacbrood, a sample suitable for diagnosis must 
contain the remains of brood dead of the disease. 

The colony symptoms which are usually adequate for a definite 
diagnosis of American foulbrood are the following: The death of 
larve in capped cells after the endwise position has been assumed 
(Pls. I, I, 111, V1), and the death of pup soon after transformation 
(Pls. IV, V, V1), the brown shade of dead brood, the viscidity (ro- 
piness) of the decaying remains, the character of the scales, andthe 
foulbrood odor. 

BACTERIOLOGICAL EXAMINATION 


A conclusive diagnosis of American foulbrood can always be made 
from a bacteriological examination of brood dead of the disease, 
With gross characters suggesting the disease the experienced can 
frequently make the tentative diagnosis definite by a water mount 
made from the decaying brood remains, or the scales. <A very large 
number of spores free from rods with no. other bacterial species 
present is the characteristic microscopic picture in the disease. The 
spores are those of Bacillus larvae (fig. 4; Pl. VII, B, D). Asa rule, 
a stained preparation does not furnish much additional aid. In all 
cases of doubt cultures (agar plates are satisfactory) should be made. 
The absence of growth on the plates when the other data strongly 
suggest American foulbrood is sufficient for a positive diagnosis. In 
routine work the cultures should always be made. Occasionally 
further evidence that the spores present are those of B. larvae is 
desired. This can be obtained by the employment of methods and 
media given in this paper (p. 17). 


DIFFERENTIAL DIAGNOSIS 


EUROPEAN FOULBROOD 


Kuropean foulbrood can be recognized (27) in most instances by 
the death of brood in uncapped cells, the yellow hue of larvee recently 
dead changing later often to a brown, and an absence of the foulbrood 
odor. In cases in which these younger larve have been removed, the 
diagnosis of European foulbrood can very often be made from the 
remains of brood which has died in capped cells. In these cases 
the remains of dead larvee and not of pups are encountered. These 
decaying masses pass through a stage at which they are somewhat 
viscid. The scales are rubberlike ' in consistency. In these masses 
and in the scales large numbers of B. alvei are found. 


means simply that they are less brittle than either those of American foulbrood or sacbrood. The property 
“elasticity ’’ as usually thought of in common parlance in connection with rubber is not meant. 
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Sacbrood is recognized (25) by the death of larve in capped cells 
and not of pups, by the saclike appearance of the dead remains, 
and by the absence of viscidity. The absence of microorganisms 
in the remains characterizes the microscopic picture. 


OTHER CONDITIONS 


Other brood conditions referred to as chilled brood, overheated 
brood, starved brood, and in some cases drone brood, must be differ- 
entiated from American.foulbrood. The history of the case, the 
age of the brood at the time of death, and the absence of ropiness 
and of the foulbrood odor, usually make the diagnosis comparatively 
easy. | | 
In some of the disorders of adult bees excrement of the adult bees 
is sometimes found in the cells of the brood combs. When dry the 
masses resemble somewhat brood-disease scales. The character of 
the masses together with the microscopic picture is usually sufficient 
for a diagnosis. In these cases a stained preparation is preferable. 
The fecal matter contains bacterial rods in large numbers. In all 
of these conditions the absence of B. larvae furnishes definite evidence 
that American foulbrood is not present. 


PROGNOSIS 


Without treatment the prognosis in American foulbrood is deci- 
dedly grave, the rule being that the colony sooner or later dies as a 
result of the disease. This is true for experimental colonies and is 
true also, as has been proved by the experiences of beekeepers, for 
colonies in which the disease has occurred through natural means. 

A colony heavily inoculated experimentally is not destroyed by 
disease in one month or two months. Loss in strength may be— 
apparent, however, after one month. If a colony is inoculated early 
in the season and is heavily infected, it may die by midsummer; if 
less heavily infected, it may live longer but die later in the season. 
The infection may be so slight, indeed, that the colony may not be 
destroyed directly but be so weakened that it will die during the 
winter or surviving emerge a weakened colony in the spring and then 
die of the disease during the following bee season. When a colony 
during the summer contains much dead brood and becomes very 
weak as a result of the disease, it usually absconds. The queen is 
to be found among the bees to the last, and stores are not wanting 
as a rule. 

A question of considerable interest but one which has not yet been 
completely answered is: Does an American foulbrood colony ever 
recover without treatment? Some beekeepers have entertained the 
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belief that occasionally it does. Experimental evidence indicates 
that it probably does. Colonies in the experimental apiary, with a 
larva or pupa dead of the disease here and there only, certainly did 
not become badly diseased for more than a year and apparently 
recovered. To have proved conclusively, however, that such colonies 
were completely free from possible infection from within would have 
necessitated observations over a much longer period. 

It is known that worker, drone, and queen larve die of the disease. 
Theoretically it is possible that a colony might become queenless as 
a direct result of American foulbrood but care must be taken in 
attributing this condition to the disease, for very often queens are 
reared in diseased colonies, and to all appearances are healthy, 
Whether a larva once infected ever recovers from the disease is not 
known. 

From the facts at hand it may be concluded, therefore, that the 
prognosis in American foulbrood in an untreated colony is especially 
grave. From the practical viewpoint, at least, complete recovery 
from the disease without treatment, if it occur at all, should be con- 
sidered for the present to be the exception. While an infected colony 
may live for a long time and yield a profitable surplus for a considera- 
ble period, this is not the rule; more often the course of the disease 
is comparatively short, and the destruction of the colony the outcome. 


SUMMARY AND CONCLUSIONS 


A brief summary of facts known about American foulbrood together 
with a few conclusions drawn from them are given here. Some of 
the facts have been known for many years, others are of more recent 
origin, and still others are new. All of them are supported by experi- 
mental studies recorded in the present paper. 

1, American foulbrood is an infectious disease of the brood of bees 
caused by Bacillus larvae. 

2. All larvee—worker, drone, and queen—are susceptible to the 
infection; adult bees are not. 

3. Man evidently is not susceptible to infection with the organism 
nor are the experimental animals. 

4, So far the disease has not been encountered or produced in 
other insects than honeybees. 

_ 5. The brood of bees can be infected through feeding the spores 
of the bacillus to a colony. 

6. The spores contained in a single scale are more than enough to 
produce considerable disease in the colony. 

7. The portal of entry of the infecting agent is somewhere along the 
alimentary tract of the larva, most likely the stomach (mid-intestine). 
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8. Practically speaking there are no secondary invaders either 
during the life of the fected larva or during the decay of the re- 
mains. 

9. The incubation period is feannaisatele 7 days. 

10. The brood is susceptible to infection at all seasons of the year. 

11. More brood dies of the disease during the second half of the 
brood-rearing season than during the first half. 

12. The disease is present at least in Australia, New Zealand, 
Denmark, England, Ireland, Germany, France, Switzerland, Canada, 
Cuba, and the United States. The ropy foulbrood of all these coun- 
tries is one and the same disease. 

13. Occurring as it does in such a wide range of climatic Sats 
tions, it is evident that the presence of the disease can not be attribu- 
ted alone to any particular climate. 

14, The course of the disease in the colony is not affected oreatly, 
if at all, by the quality of food used by the bees, or by the quantity 
present. 

15. Colonies in which the disease has been produced through artificial 
inoculation can be kept in the experimental apiary without transmit- 
ting the disease to others. This fact is of special importance not 
only in the technique of making studies, but also in the control of 
the malady. 

16. The spores of American foulbrood remain alive and virulent 
for years in the dry remains (scales) of larvee and pup dead of the 
disease and in cultures that have become and remain dry. 

17. The spores are very resistant to most destructive agencies. A 
variation in resistance is noted both as to the individual spores of a 
sample and as to the spores contained in different samples. 

18. Many. of the spores are killed within 1 minute at 100° C. and 
all of them from some samples are killed in less than 5 minutes. In 
some instances 96° C. maintained for 10 minutes will destroy all of 
the spores while 98° C, will often do it. The most resistant of the 
spores studied when suspended in water have not withstood 100° C., 
for 11 minutes. 

19. The spores withstand more heating when they are Bapended 
in honey or honey diluted with water than when suspended in water. 

20. The spores suspended in honey or diluted honey can be de- 
stroyed by 100° C. but it may require half an hour or more to do so. 

21. American foulbrood spores when dry were destroyed by the 
direct rays of the sun in from 28 to 41 hours. 

22. The spores when suspended in honey and exposed to the direct 
rays of the sun were destroyed in from 4 to 6 weeks. 

23. The spores when suspended in honey and shielded from direct 
sunlight remained alive and virulent for more than a year. It 
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is very likely that they are capable of remaining so for a very much 
longer period. 

24. The spores resisted the destructive effects of fermentation for 
more than 7 weeks at incubator and outdoor temperatures, respect- 
ively, and probably are able to withstand these agencies for a very 
much longer period, 

25. The spores resist carbolic acid at room temperature in strengths 
ordinarily used as a disinfectant for periods of months; 1 to 1000 
mercuric chlorid for days; 10 per cent formalin for hours. 

26. Experiments recorded in the present paper indicate that drugs 
do not materially affect the course of the disease. 

27. American foulbrood infection is transmitted primarily 
through the food of bees; possibly at times to some extent through 
their water supply. Robbing from the diseased colonies of the 
apiary, or from neighboring apiaries, is the most likely mode by which 
the disease is transmitted in nature. 

28. The placing of brood combs containing diseased brood with 
healthy colonies will result in the transmission of the disease. 

29. Flowers should not be considered as a likely medium through 
which infection may take place. 

30. Whether the disease is ever transmitted by queens or drones 
has not been determined. That they have been overestimated at 
times as possible sources of infection seems likely. 

31. It is quite probable that in many cases hives which have 
housed colonies infected with American foulbrood will not transmit 
the disease to healthy colonies transferred to them. Results from 
the present studies confirm the observation made by beekeepers that 
danger from this source may be removed by properly flaming such 
hives inside. 

32. The clothing of those about an apiary, and the hands of the 
apiarist are not fruitful sources for the transmission of the disease. 

33. Tools and bee supplies generally about an infected apiary will 
not transmit the infection in the absence of robbing from those 
sources, 

34, American foulbrood usually can be diagnosed from the symp- 
toms alone. A definite diagnosis can always be made from suitable 
samples by bacteriological methods, 

35. The prognosis in the disease in the absence of treatment is 
decidedly grave but with proper treatment it is favorable. 

36. From the technical viewpoint many of the problems consid- 
ered in these studies have been solved only partially; from the prac- 
tical point of view, however, the results are sufficient to make a logical, 
efficient, and economic treatment of American foulbrood possible. 
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EXPLANATION OF PLATES 


PLATEI 


Brood affected with American foulbrood: ; 

A.—American foulbrood produced by the feeding of pure cultures of Bacillus larvae, showing the later 
stages of decay of the brood. 

B.—American foulbrood produced experimentally, showing irregular distribution of capped and un- 
capped cells, punctured caps, and scales. 

C.—American foulbrood, showing sunken and punctured caps. The sample was shipped by mail for 
diagnosis. 


PLATE II 


Healthy bee larvee (prepupze) and first and second postmortem stages of American foulbrood larve as 
described in the present paper: 

A.—Cap ofcell containing a healthy larva. Being recently constructed, it is convex. 

B.—Cap of cell containing a larva recently dead of the disease. It is not unlike many of the caps over 
healthy larvee. 

C.—Cap of cell containing a diseased larva. It is slightly sunken. 

D.—End view ofa healthylarva. Thecap was removed artificially. (Inthe anboratary this is done con- 

veniently with fine pointed curved forceps or a dissecting needle.) 

E.—End view oflarva illustrating the earliest (first) stage of American foulbrood. 

F.—End view of larva which has reached the second stage. 

G.—Ventral view ofa healthy larva ofthe age at which death from American foulbrood frequently occurs, 

H.—Ventral view oflarva illustrating the first stage after death. 

I.—Ventral view of larva showing second stage. 


PLATE III 


Third, fourth, and fifth stages of decay in American foulbrood larve: 

A.—Punctured cap of cell containing a dead larva. : 

B.—End view oflarva illustrating the fourth stage of decay. The cap was removed artificially as indi- 
cated by the torn edges. 

C.—End view oflarva illustrating the fifth stage of decay, the scale. The cap had been removed by the 
bees, as Shown by the smooth condition of the mouth of the cell. 

D.—End view oflarva, third stage. 

E.—En4 view of larva, fourth stage. 

F.—End view of larva, fifth stage—the scale. 

G.—Ventral view of larva, third stage. 

H.—Venitral view of larva, fourth stage. 

I.—Ventral view oflarva, fifth stage—the scale. 


PLATE IV 


Healthy pupe and first and second postmortem stages of American foulbrood pupz as described in the 
present paper: 

A.—Healthy pupa of the age at which death from American foulbrood occurs, 

B.—End view of pupa, first stage of the disease. 

C.—End view of pupa, second stage. 

D.—Ventral view of pupa ofthe age at which death from American foulbrood occurs. 

E.—Ventral view of pupa, first stage. 

¥.—Ventral view of pupa, second stage. 


PLATE V 


Third, fourth, and fifth postmortem stages of American foulbrood as described in the present paper: 
A.—End view of pupa, third stage. 

B.—End view of pupa, fourth stage. 

C.—End view of pupa, fifth stage—the scale. 

D.—Ventral view of pupa, third stage. 

E.—Ventral view of pupa, fourth stage. 


F.—Ventral view of pupa, fifth stage—the scale. 45 


* 
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PLATE VI 


Various phases of the appearance of brood dead of American foulbrood: 

A.—Larva in cell not yet capped, dead of American foulbrood. 

B.—A developing bee dead of American foulbrood immediately before entering the pupal stage. 

C.—A punctured cap with two holes. _ 

D.—Larva dead of American foulbrood gnawed and partially removed by the adult bees. 

E.—End view of larval scale. The cap was removed artificially. 

¥F.—End view of pupal scale. 

G.—Lateral view of healthy larva in capped cell. 

H.—Lateral view oflarvalscale in the cell cut lengthwise. The cap had been removed by the adult bees. 
I.—Lateral view of pupal scale in position in cell cut lengthwise. 


PLATE VII 


Vegetative form, spore formation, spores, flagella, and giant whips of Bacillus larvae. Photomicrographs: 
A.—Vegetative form from a 24-hour culture on the surface of brood-filtrate agar. 1000. 
B.—Spore formation and spores from the surface of brood-filtrate agar. X 800. 
C.—Flagella. Stained by Loeffler’s method as modified by Johnsonand Mack. XX 1000. (Retouched.) 
D.—Spores from a stained smear made directly from a decaying larva dead of American foulbrood. xX 
1000. 
E.—The production within the rods of separate elements, each being supplied with Aagellh X 1000. - 
¥F.—Giant whips and small spherical bodies in the oldér cultures of B. larvae obtained from the water of 
condensation of a brood-filtrate-agar slant culture. Fixed in 50 per cent formalin and stained with carbol 
fuchsin. > 1000. 
G.—Small and larger giant whips, and spherical bodies similar to those of F. x 1000. 
A similarity existing between the microscopic appearance of giant whips and spirochetes caused Maassen 
(14) to believe them to be spirochetes and to introduce the name Spirochaeta apis. 
H.—Very large whip, and spherical bodies similar to thoseofF and G. X 1000. 


PLATE VIII 


Colonies and cultures of Bacillus larvae: 

A.—Surface colony and deep colonies as seen in brood-filtrate agar plates. 

B.—Surface colony on brood-filtrate agar more highly magnified. 

C.—Deep colony in the same medium, magnified. 

D.—Surface growth on brood-filtrate-agar slant. 

E.—Culture of Bacillus larvae in bee-larve agar when the Liborius method is used. The growth i is . 
throughout the upper third of the medium. 

¥F.—The culture is similar to E but the growth is nearer the surface. 

G.—The culture is restricted in the agar and is near to but not at the surface of the medium. 

H.—The growthis less restricted in area and farther from the surface than in G. 

I.—The growth is very restricted in area and is below the middle ofthe medium. 
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INTRODUCTION 

European foulbrood is an infectious disease of the brood of bees 
caused by Bacillus pluton. It is characterized by the death of brood 
during its uncapped stage and by the absence of any marked odor. 
The disorder has a wide distribution and is fairly well known to bee- 
keepers. The losses sustained by the infected apiary vary from a 
slight weakening of the colonies in some instances to the destruction 
_ of all of them in others. 

Practical apiarists have determined muca concerning the disorder 
while pursuing their profession. The writer in an earlier paper (15) 
referred to the nature and extent of the progress that had been made 
in the study of the disease from the laboratory point of view. The 
present paper deals with results which have been obtained from a con- 
tinuation of the work. Among the problems considered are: The re- 


1igures in parentheses refer to ‘‘ Literature cited,” p. 34, 
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sistance of Bacillus pluton to heat, drying, sunlight, fermentation, 
and disinfectants; the effect of the disease on the colony and on the 
apiary; and the transmission, diagnosis, and prognosis of the disease. 
Work directly on the treatment of the disease has not been attempted 
by the writer. Naturally, however, any treatment that is devised, if it 
is to be efficient and at the same time economical, must be based upon 
results obtained from the solution of such problems as those which 
have received attention in these studies. 

Results obtained from a study of the disease in the laboratory and 
in the experimental apiary form the basis of the discussions contained 
in the present paper. Since the disease encountered in nature is very 
similar to the one produced by artificial inoculation, the importance 
of the studies is at once evident. 

The paper? will be of interest, it is believed, not only to the apiarist 
who may wish to apply the facts here determined in the pursuit of 
his profession, but also to the investigator whose desire primarily is 
a further study of the disease. 


NAME OF THE DISEASE 


The term “ foulbrood ” was quite generally used in the past, as it 
still frequently is, for the two infectious diseases now known in 
America as European foulbrood and American foulbrood. In 1885 
when Cheshire and, Cheyne (4) in England made their studies on 
foulbrood and described Baezllus alvei, evidently they were not con- 
vinced that there were two distinct diseases that were being called 
by the one name foulbrood. The disease studied by them is the one 
which is the subject of discussion in the present paper. In the names 
for the two diseases it will be observed that the word “ foulbrood” is 
retained in both instances. To this “ European” is added for the 
disease on which early laboratory studies were made by these Euro- 
peans (Cheshire and Cheyne). 

Dr. Wilham R. Howard (6), of Texas, in 1900, worked for a brief 
period with this disease, reached the conclusion that 1t was a new one, 
and referred to it by the names “ New York bee disease,” or “ black 
brood.” Work by Moore and White (11) in 1902 showed that the 
disease was not new, but was the foulbrood studied by Cheshire and 
Cheyne (4). The names “ New York bee disease,” or “ black brood,” 
therefore, were superfluous, and as their use would have added to the 
confusion that already existed they were discarded. Beekeepers, ento- 
mologists, and pathologists, as a rule, are more or less familiar with 
the terms “ foulbrood ” and “ Bacillus alvei.” Usually, however, the 
ropy foulbrood—American foulbrood—is the one that is thought of, 


1 The present studies are similar to those made by the writer on sacbrood (17), Nosema- 
disease (18), and American foulbrood (19). A reference to these papers may be found 
helpful where the discussions in the present one are especially brief. The investigations 
were completed in September, 1916, and the paper was submitted for publication in 
October, 1918. 
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and the one that frequently has been associated in the literature with 
Bacillus alvei. This is unfortunate. While &. alvei is not the cause 
of any bee disease, it occurs very frequently with European foul- 
brood and is found only seldom in the ropy disease. In using the 
names European foulbrood and American foulbrood it is possible, 
however, to avoid confusion by bearing well in mind the history of 
the disease. 


HEALTHY LARVZ OF THE AGE AT WHICH THEY DIE OF 
EUROPEAN FOULBROOD 


Bees dying of European foulbrood do so during the larval stage. 
Death may take place «t any time from the fourth day of larval life to 
pupation. For convenience of description the brood of the age at 
which death from European foulbrood occurs is placed here in three 
groups. Groups 1 and 2 include the uncapped and group 3 the capped 
larvee. 

GROUP 1 

The youngest larva (Pl. IT, D, G) that dies of European foulbrood 
practically covers the bottom of the cell. It lies either on its right or 
its left side, with its dorsal portion extending to the lateral walls of 
the cell. Its form is C shaped with the anterior and posterior ex- 
tremities almost together. Its color is bluish white with a glistening 
surface, presenting a pearly appearance. The body is more or less 
opaque, due largely to the adipose tissue. Folds and furrows divide 
the surface into segments. In health these are quite prominent and 
the entire larva is turgid in appearance. 

With the unaided eye spiracles and trachez can be seen with diffi- 
culty, but by slight magnification they are readily observed. Most 
of the trachez, appearing as white lines, extend either dorsally or 
ventrally on the lateral side of the larva, but a distinct chain con- 
necting them will be observed to extend at right angles to these. 


GROUP 2 . 


Healthy larve (PI. III, D, G) slightly older than those described in 
Group 1 constitute Group 2. The larva now completely fills the 
bottom of the cell. The dorsal side pressing against the lateral side 
walls of the cell causes the contour of the body to be in general 
hexagonal. The trachee are seen less easily than in younger larve, 
while the color, glistening appearance, prominence of segments, and 
turgidity are similar to those of the younger larve described in 
Group 1. 

By turning the larva so that its dorsal surface may be brought into 
view (PI. ITI, A) there is observed a more or less transparent narrow 


1 The term larve as used in the present paper applies to the prepup# as well as to 
earlier stages of the brood. 
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area along the dorsal median line extending nearly the length of the 
body. The contents of the stomach may be seen through this area. 
The color of the mass is due chiefly to the presence of pollen. It is 
usually some shade of yellow. ‘The median area presents in its 
appearance a sharp contrast to the bluish-white, opaque portions on 
either side of it. Similar appearances are to be noted in the larve of 
Group 1. 

The larva removed from the cell performs only slight movements, 
hes partly coiled, and is more or less turgid. The segments are promi- 
nent. When the body wall is torn there flows from the ruptured wall 
the clear larval blood, in which are suspended often fat and other 
tissue cells which give to it a somewhat milky appearance. The 
stomach, a transparent tube easily torn into segments, contains a 
mass of partially digested food, pollen constituting usually a con- 
spicuous portion of it. 


GROUP 3 


Group 8 consists of capped larve. ‘These are, therefore, larger than 
those described in Groups 1 and 2. In the group are included the 
larvee which have spun a cocoon as well as those which have not. An 
endwise position in the cell may or may not have been assumed. The 
larvee are seen in various positions. Not infrequently some portion 
of the dorsal surface is turned toward the observer, the narrow, me- 
dian, transparent area being in evidence as in younger larve. Healthy 
larvee occupying an endwise position are described in papers on sac- 
brood and American foulbrood (17, 19) and will not be referred to 
further at this time. 

SYMPTOMS 


In European foulbrood, as in other brood diseases, the colony as 
a whole and not the individual bee should be considered as the unit in 
the discussion of the symptoms of the disease. The description of the 
symptoms recorded in the present paper is based chiefly upon observa- 
tions made on the disease produced through artificial inoculations. 
In making the studies in the experimental apiary observations made 
by beekeepers have been duplicated and new facts determined. It 
has been possible also to locate errors which have been made in 
discussions of symptoms of the disease. 


GENERAL SYMPTOMS FROM A CASUAL EXAMINATION 


Death of brood during the feeding stage, in uncapped cells, is a 
characteristic of European foulbrood. The brood nest in the disease 
usually presents an irregular appearance, capped cells and uncapped 
ones being found scattered irregularly over the brood frames, giving 
to them the “ pepper box” appearance (PI. I) often referred to by 
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beekeepers, a condition noticeable when the disease is fairly well 
advanced in the colony. 

The dead larve lose their pearly whiteness and assume a yellowish 
color, later becoming brownish. This deepens often to a dark brown. 
The decaying remains are not characteristically ropy, as in American 
foulbrood. Marked viscidity is usually absent. When it is present 
the decaying mass can be drawn into threads but to a less extent than 
in the ropy disease. In advanced cases the disease may be accom- 
panied by an odor, but in the writer’s experience this never has been 
marked and never offensive. 

As the disease in the colony advances, weakness becomes a symp- 
tom. Im severe cases queenlessness may result from the infection. 
This, however, is by no means the rule. 


SYMPTOMS MANIFESTED BY INDIVIDUAL LARV SICK OR DEAD OF EUROPEAN 
FOULBROOD 


Evidences of European foulbrood in the individual larve appear 
before and after death. The colony symptoms used most. frequently 
in the diagnosis of the disease are largely post-mortem appearances 
of larve. Of much interest and frequently of considerable diagnos- 
tic value are the symptoms manifest by larve sick but not dead of 
the disease. For convenience in the description of the appearances 
of the sick or dead larvee, the grouping used in describing the 
healthy Jarvee (p. 3) is followed. The appearances of affected 
larvee both living and dead are, of course, changing constantly. A 
description which is correct for one day or hour, it should be 
realized, is not likely to be entirely correct for the next. 


GROUP 1 


The youngest larve manifesting symptoms of European foul- 
brood are approximately 4 days old (Pl. II, A, B, C, E, F, H,1). In 
many cases at this stage of the disease a peristalsis-like movement of 
the body is marked and is readily observed by the unaided eye, but 
in others no such bodily movements are observed. The diseased 
larvee at the time may be more transparent (PI. IJ, B, H) than 
healthy ones of the same size. In such larve the trachee are quite 
prominent and more readily seen than in healthy ones. Occasionally 
numerous minute opaque areas are observed in these more transpar- 
ent larve, giving to them a punctate appearance. Very often, how- 
ever, this sign is not present. In many instances, indeed, no distinct 
symptom is observed until the larva approaches death. (PI. II, A). 

Larve (Pl. II, A, B, C, E, H, 1) of this group dying or just dead ~ 
of the disease lose their marked glistening appearance; their pearly 
whiteness gives way to a yellowish tint; the turgidity seen in healthy 
larvee is diminished in the sick; and the folds and furrows indicat- 
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ing the segments of the body become less prominent. As thé process 
of decay advances the yellowish hue changes, the color assuming a 
brownish tone. The segmental markings are less prominent, while 
the trachee often become quite distinct, appearing as white lines 
contrasted with the darker color of the larval remains (Pl. II, B). 
Not infrequently at this time there will be seen a chitinous envelope 
containing a watery-looking fluid in which is the larva proper (PI. 
II, C; Pl. IV, A). The decay proceeds and the drying becomes evi- 
dent. The larval mass settling upon the concave bottom of the cell 
causes the upper surface of the mass to be depressed about the cen- 
ter. At this stage the trachez not infrequently are seen distinctly in 
the drying mass. When the larval remains become dry they are 
known as the scale (Pl. II, F). The scales do not adhere closely to 
the cell and when removed are found to be thin and more or less 
circular in outline. They are convex and smooth on the side which 
was in contact with the bottom of the cell while the opposite surface— 
the one which, while in the cell, was toward the observer—is slightly 
roughened and concave. 


GROUP 2 


Larve (Pl. III) showing symptoms of European foulbrood and 
classed in this group have reached a sufficient size to fill the deepest 
third or more of the cell. The yellowish tint appears in contrast to the 
bluish white of the healthy larvee (PI. III, D,G). Increased movement 
may or may not be observed. Before and after death the remains 
may assume one of a number of positions in the cell. Not infre- 
quently a portion of the dorsal surface is turned toward the observer 
(Pl. ITI, B). Usually through the transparent area along the me- 
dian dorsal line a whitish or yellowish-white mass is to be observed. 
This mass is within the stomach of the larva and contains a large 
amount of bacterial growth (Pl. VIII, a, b, c) consisting very largely 
of Bacillus pluton. Often before death this mass is seen to move 
within the stomach in response to the peristalsis-like movements of 
the body of the larva. 

At the time of death the larva usually occupies some unnatural 
position, being more or less curled up and lying upon the floor of the 
cell (Pl. IIT, C, E, F, H, I). Lessened turgidity, a relative dullness 
of the surface appearance, and a yellowish tint are present. Not in- 
frequently the two ends of the larva are directed more or less 
toward the bottom of the cell and some portion of the dorsal surface 
is toward the opening of it (Pl. III, E, H, 1). Among the dead 
larvee will be found some with one end directed toward the bot- 
tom, and the other toward the mouth of the cell, the body occupying 
a more or less spiral position against the side walls and floor of the 
cell (Pl. ITI, F). 
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Later the dead larval remains assume’a brownish tint which 
deepens to varying shades as decay continues and drying takes place. 
During the early part of the decay, the firmness of the body wall per- 
mits the removal of the larva intact from the cell. Later, however, it 
offers but little resistance and is easily ruptured. The decaying mass 
before drying often attains a certain amount of viscidity. Sometimes 
it is of a doughy consistency, at other times it is purulent or sputum- 


like, while at times it assumes a viscidity that will permit of its being 


drawn out to the extent of an inch or more. When the larval mass 
becomes dry it forms an irregular scale, usually brown in color, lying 
on the floor or side wall of the cell or both, but not adhering closely 
to them. 


GROUP 3 


A larva dying of European foulbrood after being capped may be 
found occupying one of many positions within the cell (Pl. IV, 
C, D, E; Pl. V, D, E, F, G, H). Dying before the two-day quiescent 
period that precedes pupation, the remains during decay and as a 
scale resemble in many respects those of larve described in group 
2. The dry scales occupy usually an irregular position on the floor 
of the cell (Pl. IV, F, G).. Dying during the two-day quiescent 


period, however, the scales (Pl. V, F, I) resemble very much those 


of larve dying at the same age of American foulbrood. The larval 
mass assumes the brownish hue which deepens as the decay advances, 
reaching a dark brown. Viscidity is present in the decaying larval 
mass, but the extent to which the decaying material may be drawn 
out is less than in American foulbrood. The scale is less brittle and 
more rubberlike. 

At no time has the writer observed pup dead of European foul- 
brood. If they die of the disease it is a rare occurrence. 

The removal of larvee sick or dead of the disease is accomplished 
to a greater or less degree by adult workers. The larve are either 
partially or entirely removed. This is usually done piecemeal. In 
an infected colony will be found, therefore, the remains of larve of 
different ages (Pl. IV, B) and (PI. V, A) in varying numbers. 


ETIOLOGY 


PREDISPOSING CAUSES 


Age.—Infection in European foulbrood takes place during the 
feeding stage and at some time after the first day of larval life, 
the larve being more often 2 days of age, or older. Death takes 
place somewhat more than 2 days from the time of infection. As 
a rule, therefore, a larva has passed its fourth day of larval life 
before death from European foulbrood occurs. From this age to 
pupation larve may die of the disease. The writer has not encoun- 
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tered death among brood which has reached the pupal stage. Adult 
bees are not susceptible to infection. 

Sex.—W orker, drone, and queen larvee are all susceptible to in- 
fection with Bacillus pluton and any of these may die of European 
foulbrood. : 

Race—Complete immunity from European foulbrood has not 
been found among the races of bees studied. Experimental work 
recorded in the present paper involved the use of at least five 
colonies of “tested Italians,” two of “tested Carniolans,” and two 
of “tested Caucasians.” For the most part the bees used were “ un- 
tested Italians,” but among the colonies were a few common blacks. 
In all these strains the disease was readily produced through experi- 
mental inoculation. The examination of numerous samples of dis- 
eased brood received from beekeepers throughout the United States 
suggests that all races commonly kept by American beekepeers are 
susceptible to European foulbrood. The relative immunity of the 
different races has not been demonstrated by the studies. These 
facts, however, do not dispute the observation by practical bee- 
keepers that some strains of bees show a greater colony resistance 
than others. 

Climate.—F rom reports of studies made in Austria by Muck (12), 
in-Denmark by Bahr (1), in England by Cheshire and Cheyne (4), 
in Germany by Zander (20), and in Switzerland by Burri (3), it is 
clearly evident that the disease discussed in the present paper occurs 
in these different countries. It has been encountered also in many 
sections of the United States and Canada. This distribution shows 
that the infection can exist under a variety of climatic conditions. 
The practical import of the fact is that the presence of European | 
foulbrood in any locality can not be attributed entirely to the climate 
of the region. 

Season.—Beekeepers have observed that European foulbrood oc- 
curs with greatest severity before midsummer rather than later in 
the season. The disease, it has been shown experimentally, can be 
produced, however, at any season of the year at which brood is being 
reared. Its severity at any given season is to be attributed, there- 
fore, to environmental conditions rather than to the difference in 
the susceptibility of larvee during the different seasons. 

Food—As in American foulbrood it is found that the cause of the 
disease in the colony is governed very little if at all by the quality 
of food gathered by bees. Indirectly, however, the quantity present 
in the hive or obtainable often does influence its course materially. 


EXCITING CAUSE 


That Bacillus alvei may be present in large numbers in brood dead 
of foulbrood was demonstrated by Cheshire and Cheyne (4) in 1885. 
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For a decade and a half following the observation the belief was 
quite general that this bacterium was the exciting cause of a bee dis- 
ease. The view was then seriously challenged. In 1906 the only 
positive conclusion in regard to the relation between European foul- 
brood and Bacillus alvet that could be drawn by the writer (13) was 
that this species occurs in brood dead of the disease. 

William R. Howard (6), of Texas, after a brief study of the dis- 
ease reported in 1900 the presence of an organism which he called 
Bacillus milli. We cultivated the species apparently with ease. In 
1904 Bahr (1) in Denmark found a small oval bacterium in a brood 
disease in which larve dying in uncapped cells are yellowish in color 
and not ropy in consistency. Burri (3) in 1906 encountered in his 
studies on the brood diseases a small bacterium which he referred to 
as guntheri-forms. The species was cultured and compared with 
Bacterium guntheri and found to be somewhat different. In 1907 
Maassen (7) obtained from brood material cultures of a species 
which he named Streptococcus apis. White (14) in 1908 reported 
the presence of a small organism in European foulbrood which had 
refused to grow on artificial media. The species was not the one, 
therefore, with which the investigators just referred to had worked. 
That this organism might be the exciting cause of the disease was 
noted. Pending more information regarding it, the species was not 
given a name but was referred to as bacillus “ Y.” That this species 
bears a direct etiological relation to the disease was demonstrated in 
1912 by the writer (15) and the name Bacillus pluton was then given 
to it. 

As the cultivation of Bacillus pluton on artificial media had not 
been accomplished the conclusion that it is the exciting cause of 
European foulbrood was arrived at by eliminating all other possible 
agencies. The observations furnishing the proof appear in an earlier 
paper (15). By demonstrating Bacillus pluton to be the cause of 
the disease, Bacillus alvei, Streptococcus apis, Bacterium eurydice, 
and Bacillus orpheus, and still other species occasionally encountered, 
were thereby proven to be secondary invaders. 

To eliminate the possibility of a filterable virus in European foul- 
brood 10 colonies were inoculated with filtrates obtained from aque- 
ous suspensions of brood sick and dead of the disease. In six 
instances the Berkefeld N filter was used and in four the Pasteur- 
Chamberland F was employed. In no case was the disease produced. 
Studies recorded in the present paper on the resistance of Bacillus 
pluton to heating, drying, fermentation, and disinfectants show that 
when the virus of the disease is not destroyed this species is still alive. 
This fact is further evidence in support of the conclusion that the 
species Bacillus pluton is the virus of the disease. 

132817°—20—Bull. 810-——2 
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BACILLUS PLUTON 


An artificial medium for the cultivation of Bacillus pluton has not 
yet been devised. To accomplish this may or may not be a particu- 
larly difficult task. The media ordinarily used in the laboratory are 
not suitable. Bee-larve agar, brood-filtrate media, egg-yolk-sus- 
pension agar (19), and combinations of these have not thus far 
proved sufficient for the purpose. The species is an unusual one. 
The generic classification has not been determined definitely and this 
may not be possible until the proper condition for the artificial culti- 
vation of the species has been supplied. 

The morphology of Bacillus pluton is somewhat variable. In very 

early infection its form is that of a short rod in pairs or in chains, or 
possibly of a coccus with the individuals similarly arranged (fig. 1; 
Pl. VII, B). The length is then equal to or somewhat greater than 
the breadth. In slhghtly later 
stages of infection the predomi- 
nating form is that of a lancet- 
shaped coccus (fig. 1; Pl. VII, 
A), and in late stages this form 
is present almost exclusively. 
The lancet form occurs singly, 
varying greatly in size and hav- 
ing a length which approximates 
twice the width. The length is 
more often less than 1 » than 
greater. The organism colors 
uniformly with the aniline stains, 
stains with iron hematoxylin, and 
is gram-positive. It does not 
form spores. This is evidenced by the microscopic appearance and 
also by the thermal death point of the species. Its resistance to dry- 
ing, disinfectants, and other environments is discussed later in the 
present paper. 
_ Seven rabbits inoculated, six subcutaneously and one intraperi- 
toneally, with a suspension of larve dead of European foulbrood 
proved to be refractory. Only a slight rise of temperature followed 
the inoculations and the weight was not materially affected. Six 
guinea pigs inoculated subcutaneously with similar material proved 
not to be susceptible to infection with the species. Four pigeons 
inoculated in the pectoral muscles and two white rats inoculated sub- 
cutaneously also proved refractory. In none of these inoculated ani- 
mals were there any lesions of particular note produced. 

Growth of Bacillus pluton in the infected larva begins close to the 
surface of the peritrophic membrane (PI. VII, I) in contact with the 
food of the larva. As growth continues the bacterial mass extends 
toward the center of the lumen of the peritrophic sac (Pl. VU, K), 


Fie. 1.—Bacillus pluton. 


EUROPEAN FOULBROOD. 1q 


finally filling it more or less completely (Pl. VII, J). The growth does 
not always take place uniformly along the peritrophic membrane (PI. 
VII, J), nor does it extend beyond it (Pl. VII, I, J, K), but is inclosed 
within the sac, the tissues of the larve not being reached. The mul- 
tiplication of the organism after the death of the host, if, indeed, it 
takes place at all, is limited. 

Secondary invaders, chiefly Bacillus alvei, Bacterium eurydice, 
Streptococcus apis, and occasionally Bacillus orpheus, and a few 
others, are encountered at various stages of the disease and during the 
decay of the larva. During the life of the larva these species also 
remain within the peritrophic sac. 


BACILLUS ALVEI 


Bacillus alvei (fig. 2; Pl. VII, D, F) is present very frequently and 
in very large numbers in larve dead of European foulbrood. The 
species was well described by 
Cheyne (4). Descriptions may be 
found elsewhere also (11, 13). It 
is readily recognized and may be 
differentiated easily from other 
spore - producing species  occa- 
sionally encountered in the dis- 
eased brood. 

Bacillus alvei is not the active 
cause of any bee disease. It 
seems probable, however, that it 
plays a role in European foul- 
brood, but the extent is not fully 
known. The species is present Fic. 2.—Bacillus alvei. Spores free from 
usually, if not invariably, in large aaa be ote 
numbers in the rubberlike scales (Pl. V, F, 1), which resemble 
so much those of American foulbrood. The decayed larval mass, 
which forms the scale, before becoming dry is ropy in consistency 
similar to that of American foulbrood but to a less degree. It 
seems probable that this ropiness is due more or less directly to 
Bacilius alvei. On account of this viscidity the decaying mass, as 
well as the scales, are removed with greater difficulty than are most 
larvee dead of European foulbrood. The result, as often observed, is 
that these brown viscid decaying larve or the rubberlike scales result- 
ing from them are the only evidence that European foulbrood is 
present in the colony. 

While Bacillus pluton in such larval masses and scales is often difli- 
cult to detect microscopically, its presence can be demonstrated 
through the experimental inoculation of healthy larve. Inasmuch as 
Bacillus pluton will live for a considerable period in the scales, it 
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seems quite probable that the disease might in some cases be carried 
over for months or even over winter through the medium of these 
rubberlike scales. 

It is of interest to know that the amount of disease resulting imme- 
diately from inoculations in which scale material is used is much less 
than when larve recently dead of the disease are used. This is true 
also of dead larve stored in Petri dishes compared with smears allowed 
to dry immediately from larve recently dead of the disease. These 
facts indicate a possible deleterious effect on Bacillus pluton of the sec- 
ondary invaders multiplying in the decaying larve. 


STREPTOCOCCUS APIS 


It is most probable that Streptococcus apis is the species that was 
isolated from diseased brood by Burri (3) and referred to by him 
in 1906 as “guntheri-forms.” Maas- 
sen described it in 1908 (8). The 
organism grows well at incubator, 
room, and refrigerator tempera- 
tures in most of the media ordi- 
narily used in the laboratory. 
Its cultural characteristics suggest 
the micrococci rather than the 
streptococci. Confusion in some 
of the earlier investigations was 
due evidently to the resemblance 
of Streptococcus apis and Bacillus 
pluton morphologically. To this 
fact is due the chief interest in the 
species Streptococcus apis. When 
encountered in larve dead of European foulbrood it can be identified 
readily by culturing. The generic position of this species should be 
considered as being not altogether certain. 

Occurrence.—Streptococcus apis iS occasionally encountered in larvee dead of 
Kuropean foulbrood and often is present in large numbers. 

Morphology.—tit is more or less spherical (fig. 3; Pl. VII, E), occurring singly 
and in pairs with occasionally a chain of 2 or more pairs when grown in liquid 
media. In larval remains not infrequently the ends may be somewhat pointed. 

Staining properties.—It colors uniformly and readily with the common stains, 
and retains the stain after Gram’s method. 

Glucose agar plate-—Within a day growth is visible. Colonies never become 
large. Surface colonies are usually less than 2 mm. They are circular with 
uniform outline and a well-defined border, are grayish by reflected and bluish 
by transmitted light, are smooth and convex, are moist and glistening in ap- 
pearance, and are friable in consistency. When magnified the surface colonies 
appear light brown in color, and granular in structure, the density decreasing 
from the center to the periphery. Deep colonies appear dense, dark brown, and 


coarsely granular. They are in general lenticular to oval but are sometimes 
almost spherical in form. 


Fic. 3.—Streptococcus apis, 
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Glucose gelatin plate.—At refrigerator temperature and within 3 days, the 
surface colonies begin to liquefy the gelatin, each liquefied area appearing 
somewhat as a minute drop of water. 

Agar slant.—In one day numerous gray colonies cover the inoculated surface. 

Bouillon.—Within a day the medium is uniformly and moderately clouded. 

Fermentation.—In glucose, lactose, saccharose, levulose, maltose, and man- 
nite bouillons, a uniform clouding of the media occurs. The growth takes place 
in both arms of the tube, but is heavier in the open one. Considerable acidity, 
but no gas, is produced. 

Milk.—Milk is rapidly coagulated. Digestion of the coagulum follows. In 
from 3 to 5 days more than one-half has been changed. Within 24 hours the 
color is discharged in litmus milk, except at the top of the medium. In other 
respects it is like the plain milk. 

Potato.—No visible growth. That growth in the potato water takes place is 
confirmed by microscopic examination. 

Gelatin stab.—Liquefaction along the line of puncture is appreciable after one 
day. In four days a cylinder of liquefied gelatin 1 cm. in diameter surrounds 
the original line of puncture and soon extends to the walls of the tube. 

Pathogenesis.—No disease results when 
the brood of bees is fed cultures of 
Streptococcus apis either by the direct 
or indirect method. A rabbit and two 
guinea vigs inoculated with a pure cul- 
ture of Streptococcus apis were not sus- 
ceptible to infection with the species. 


BACTERIUM EURYDICE 


The presence of this species in 
European foulbrood was pointed 
out by the writer in an earlier pul 
lication (15). Among the second- 
ary invaders in larve infected with 
Bacillus pluton, Bacterium eury- ree concrete CHMBACE: 
dice is one of the earliest to be found. It is often present in consid- 
erable numbers. In plating for the species the stomach contents from 
larvee sick, but not dead, of the disease should be used. In studying 
this species cultures were isolated which in some respects differed 
from it. Whether these are different species or belong to a group of 
which Bacterium eurydice is a representative has not been definitely 
determined. 

To isolate Bacterium eurydice the plating has been done with glu- 
cose agar. Incubation must be carried out at room temperature. 
Growth of the species is always slow and never luxuriant. Under 
favorable conditions colonies are visible after one day. To preserve 
cultures they must be renewed frequently. 


Occurrence.—Bacterium eurydice is frequently present in larve sick or 
recently dead of European foulbrood. 

Glucose agar plate—To the naked eye the surface colonies are slightly 
convex, smooth, and glistening. They are from 1 to 2 mm. in diameter, cir- 
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cular and uniform in outline. The color is bluish by transmitted and grayish 
by reflected light. Under a two-thirds objective they are a light brown, and are 
finely granular near the periphery, but more coarsely granular near the 
center. 

Morphology.—The rod (fig. 4; Pl. VII, C) is small and slender with slightly 
rounded ends, occurring usually in pairs or singly. It is nonmotile and no 
spores are produced. 

Staining properties——It is stained easily and uniformly with the ordinary 
aniline stains and is Gram-negative. 

Oxygen requrements—Growth is better in the presence of air than in anaero- 
bie conditions. 

Bouillon.—Growth takes place slowly, producing a uniform cloudiness with 
no pellicle. After a week or more a somewhat viscid sediment is present. 

Sugars.—Growth in the sugar media is slow, variable, and never luxuriant. 
Both arms may be clouded. Glucose or leyvulose when added improves a 
medium. Fermentation with gas does not take place in any of the sugars. 
A noticeable amount of acid is formed when glucose and levulose are used, 
the other sugars being less affected. A 1 per cent honey solution supports 
a moderate growth. Brood filtrate as a rule improves media. 

Milk.—In plain and litmus milk no changes are visible. 


Potato.—Growth on potato is slow. When present, the culture is for the most 
part grayish in color. 

Gelatin stab.—A bluish gray growth appears slowly along the line of inocula- 
tion. No liquefaction follows. 


Pathogenesis.—No ill results are ob- 
served when cultures of Bacterium eury- 
dice are fed to healthy colonies of bees. 
A rabbit inoculated subcutaneously with 
a pure culture proved to be refractory. 


® BACILLUS ORPHEUS 


The name Bacillus orpheus was 
given to an interesting species occa- 
sionally encountered in European 
foulbrood (15). In one instance 
the species was found very widely 
distributed in an apiary in which 
vic. 5.—Bacillus orpheus: Spore for- heavy losses were being sustained 

mation. from the disease. In this case the 
dead larvee when dry were stonelike in character, the petrified re- 
mains breaking like so much marble. Usually the species is met with 
in a less number of the affected larve. It can be readily identified 
from its morphology and cultural characteristics. A description of 
the species has been made by McCray (9). An organism similar to 
B. orpheus in many respects has been described by Laubach (5) and 
named Bacillus laterosporus. . 


The organism is a motile spore-bearing rod with a few peritrichic flagella. 
Spore formation begins in a few hours on the surface of the agar at incubator 
temperature, the rod swelling toward the center and becoming fusiform. Soon, 
as determined from stained preparations, the spore is seen occupying one side 
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of the rod with the protoplasm distributed along the opposite side and the two 
ends (fig. 5; Pl. VII, H). The rod, together with the spore within it, measures 
about 2.4 in length and 1.2u in width. This relation of spore and rod persists 
in cultures on a solid medium for a long period, especially at room temperature. 
Good growth, no gas, and only slight changes in reaction occur in the sugar 
media. A slight coagulum forms in the milk which is slowly digested. Gelatin 
is rapidly fluidified. 

Bacillus orpheus is not pathogenic for the brood of bees when inoculated by 
feeding either by the direct or indirect method, Silkworm larvz succumb fol- 
lowing inoculation by feeding and also by puncture. 


TECHNIQUE* 


Artificial conditions for the successful cultivation of Bacillus pluton 
have not yet been obtained. That this can be achieved by further 
study is not at all improbable. Without having accomplished this, 
it has been possible, however, to make the studies on the biology of 
the parasite that were most desired. This was done through ex- 
perimental work, using the larvee of bees. The inoculations were 
made by feeding a suspension of the organism in sugar sirup. 

Two methods were employed in making the feedings, which will 
be referred to here as (a) the indirect method, in which the colony 
is inoculated, and (6) the direct method, in which only a few 
larvee are inoculated. Cane sugar and water were used in preparing 
the sirup in the proportion approximately of 3 to 2. This solution 
was then brought to the boiling point. 

From 5 to 10 diseased larve furnish sufficient infective material 
when the indirect method is followed. These, after being picked 
from the brood frame, are thoroughly crushed, added to about 300 
c. c. of the cooled sirup, and fed to a colony.?, When the suspension 
contains the living virus, symptoms of European foulbrood appear 
in 3 days following the inoculation. The earliest evidence of disease 
is manifested by sick rather than dead larve (p. 5). Often frag- 
ments of larve (Pl. IV, B) are found upon examination of the 
brood nest. 

In the direct method Bacillus pluton is taken from the stomachs 
of infected bees. Sick rather than dead larve are preferred for ob- 
taining the virus free from the body tissues. By the use of dissect- 
ing needles and with a little care the stomach contents (Pl. VIII) 
can be pulled out of the blind end of the organ (15). The virus- 
containing material thus obtained is triturated with water and the 
aqueous suspension is added to sirup. The suspension of Bacillus 
pluton in a thin sirup is used in making the inoculation. Larve 
about 2 days old are especially desirable for the direct method. The 
inoculation is made by adding a smal] amount of the suspension to 

1The technique in general which was found to be satisfactory for bee-disease studies 


is detailed to some extent in the sacbrood paper (17). 
2 The experimental colony is described in earlier papers (17, 18). 
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the food of the larvee by means of a capillary pipette made from 
glass tubing of small bore. Care must be exercised in thus feeding 
the larve. Too much of the suspension will often float the larva. 
There is danger also that it will be changed in position mechanically 
by means of the feeding pipette. In either event the chances are 
that such larvee will be removed subsequently by the bees. Consider- 
able larval food already in the cell is advantageous. This method 
has proved to be especially useful in much of the experimental work 
recorded in the present paper. It has the advantage of being both 
economical as to the number of colonies needed, and definite. Dur- 
ing the third day following the 
hour of inoculation symptoms 
of European foulbrood will be 
observed if infection is pro- 
duced. By the fourth day fre- 
quently all of the infected lar- 
vee will have been removed by 
the bees. Symptoms of Euro- 
“4 pean foulbrood infection mani- 
pata 7 . fested by larvee sick rather than 
dead have proved to be espe- 
cially useful for experimental 
5 purposes in these studies. 
aaa abt During most of the time that 
experimental studies are being 
| | made it is necessary to have 
Fic. 6.—Experimental hive, having 4 Hoffman fyrech diseased material at 
frames, a division board, Petri dishes as feed- 5 
ers, the entrance nearly closed with wire hand. A supply call be Maln- 
cloth, and the opening on the side of the tained by using one or more 
sea eae ‘ed by the frames. (Author's colonies for this purpose. Re- 
peated inoculations of the col- 
ony usually must be made at intervals of a few days or after longer 
periods, depending on its condition and the need for the virus. The 
indirect method is especially indicated in inoculating these colonies. 
Frequently colonies which have been employed in European foul- 
brood experiments can be used again for further experiments on the 
disease. This must be done with.some care, however. The condition 
of the brood always should be noted before an inoculation is made. 
European foulbrood colonies serve very well the purpose of experi- 
mental colonies for the other brood diseases and for Nosema-disease. 
In fact, not infrequently during these studies experiments on two or 
more of the diseases were in progress in a colony at the same time. 
The apiary (Pl. VI) used in the experimental work with European 
foulbrood was the same as the one employed in the study of sac- 
brood (17), Nosema-disease (18), and American foulbrood (19). The 
hive (fig. 6) and the experimental colonies, where they were not the 
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same, were similar to those used in the other studies. The method 
of making the inoculations was also similar. The colonies were, there- 
fore, in the open and the bees had free access of flight. The same pre- 
cautions taken to minimize robbing, swarming, absconding, and drift- 
ing of bees were observed in the experiments with this disease as with 
the other diseases. All hives which had housed European foulbrood 
colonies were flamed before they were used again to be certain that 
there would be no infection from such a source. Whether the queens 
used had been in diseased colonies need not give one any concern. 
Further reference to the technique followed in the present studies will 
be made as the experiments are discussed. 


THERMAL DEATH POINT OF BACILLUS PLUTON 


The result of the experiments recorded by the writer in an earlier 
paper (16) shows that when suspended in water the thermal death 
point of Bacillus pluton is approximately 63° C., the period of ap- 
plication being 10 minutes. Further experiments have been con- 
ducted in which the organism was suspended in honey and heated. 
After being heated, healthy larve are inoculated by feeding, using 
the direct or pipette method. Table I summarizes the experiments 
made: 


TasLeE I.—Resistance to heat of Bacillus pluton suspended in honey 


3 - Period of ‘ . 
Date of inoculation. Temperature. heating. Results of inoculation. 
1915. oe COTE Minutes. 
WMNOM Corea aseas a cteslssceeb acess ewes ss 67 153 10 | European foulbrood produced. 
PDO ee ee Le os ee eS 70 158 1 Do. 
DOr aos ecco esas seen ee raul oes 75 167 10 Do. 
THO ere eee ok Ee eR 76 169 10 Do. 
DN Cane ee eee ee See 78 172 10 Do. 
SOD er eee eee ic ape cee ones 79 174 10 | No disease produced. 
Utne oe ee ee eee eae hac awe ke 80 176 10 Do. 
RUT G Hh eee ere stent. Le 80 176 10 Do 
Slide ae ASE ee ae ee Ga 81 178 10 Do 
PG Soma SE ee CHa: A eee ae ee 85 185 10 Do. 
Qaae eee se ccieos cee Sanece ogee en 90 194 10 Do 


The results given in the foregoing table show that the thermal 
death point of Bacillus pluton suspended in honey is approximately 
79° C., maintained for 10 minutes. 


RESISTANCE OF BACILLUS PLUTON TO DRYING 


In conducting experiments relative to the effect of drying on 
Bacillus pluton the stomach contents (Pl. VIII) of larve sick or 
recently dead of European foulbrood are spread in a thin layer in 
Petri dishes or on slides. From time to time after the films are made 
healthy larve are inoculated by feeding a suspension of the drying 
larval material suspended in a weak sirup solution. When no in- 
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fection results the germ is considered as having been destroyed. 
Observations have been made on the virus kept at incubator, room, 
outdoor, and refrigerator temperatures and shielded from the light 
in each instance. The experiments conducted with Bacillus pluton 
in these environments are summarized in Tables II, II], IV, and 


V which follow: 


TABLE II.—Resistance of Bacillus pluton to drying at incubator temperature 


Date of inoculation. 


Pericd of exposure. 


Months. 


24 


20 


Results of inoculation. 


European foulbrood produced. 
0. 


No disease produced. 
Do. 


Do. 


Do. 


TABLE III.—Resistance of Bacillus pluton to drying at room temperature 


Date of inoculation. 


U2 GMa ais a eee ii yf 
Sep M1 OVE a sn Ly IN ee 
Septet Gt 255 Sere NS REE RE 
Sepes281914 2 ise Wie ea: fuel SAE Ga ee eS 
eptn 29 Ola eae ee aS ees 
Oct. 6, 1914...... se is MeN OF By eDnUm NS) UES 5 ee 
Jans 29 A115 5 er ee Ae Rae es POs ee eee 
Telye Ol OUS so se Se Ge As aera 
ATI SS AGUAS eee eS el el ean eae 


Period of drying. 


Months. | 


Results of inoculation. 


Days. 
1 | European foulbrood produced. 
21 Do. 
8 Do. 
21 Do. 
0 Do. 
14 Do. 
10 Do. 
6 Do. 
13 | No disease produced. 
15 Do. 
18 Do. 
2 Do. = 
10 Do. 
18 Do. 
0 Do. 
0 Do. 


TABLE 1V.—Resistance of Bacillus pluton to drying at outdoor temperature 


Date of inoculation. 


Period of drying. 


Sept. 2, 1914... 
Sept. 16, 1914. 
Oct. 13, 1914... 


May 17, 1915.. 
Aug. 3, 1915... 
Aug. 17, 1915... 
Juime 23 e1OlGSls. S. . SF aaah od Men. saat soe ve 


Results of inoculation. 


European foulbrood produced. 
0. : 


Do. 

No disease produced. 
Do. 
Do. 


‘ 
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Taste V.—Resistance of Bacillus pluton to drying at refrigerator temperature 


| ! 


Date of inoculation. | Period of drying. | Results of inoculation. 
| Months.| Days. 
“Uthin Li GS ee ae ae S| | ee te =e 26 | European foulbrood produced. 
RE UR IEG Ene oe Reo re aeeee AE ec mcemceee 3 28 Do. 
NTI TEC pS SS 3 9 SSD AS > i 6 12 | Do. 
nce Gnsie: 8! ascent. ye SS SAS cl ed 8 0 Do, 
EER ORARMER RAs chee sc INCE Oc fo Maedincis Sp ewewn 8 2 | Do. 
Ata 28) URNS ie Se SE, SAA ee ot ee eer 9 0 Do. 
irelonIemba Oger ee ae oe PRE oa ct Se cces 10 7 | Do. 
10 


Cepia ene ae ee oe ere | 18} Do. 


From Table IT it will be observed that Bacillus pluton in a dry 
film made from the contents of infected larve resisted drying at 
incubator temperature for approximately one year. Table III shows 
that at room temperature, other conditions being similar, the re- 
sistance is approximately equal to that at incubator temperature. 
At outdoor temperature, as shown by Table IV, the resistance is 
again approximately the same. At refrigerator temperature, Table 
V, the experiments do not include the period at which Bacillus pluton 
is destroyed. In 10 months the organism was still viable and the 
results of the inoculations indicate from the character of the infec- 
tion produced after such a period that at refrigerator temperature 
Bacillus pluton will remain alive for a longer period than at the 
other temperatures studied. 


RESISTANCE OF BACILLUS PLUTON WHEN DRY TO DIRECT 
SUNLIGHT 

In experiments relative to the resistance of Bacillus pluton, when 
dry, to the direct rays of the sun, smears are made of the contents of 
stomachs of European foulbrood larve in Petri dishes or on slides, 
and after becoming dry are exposed to the direct rays of the sun. 
After intervals reckoned in hours inoculations are made by feeding, 
using the direct method. Infection resulting from such inoculations 
shows that the drying has not killed the organism. In Table VI 
experiments performed in this connection are summarized: 


Tarte VI.—Results of inoculation with Bacillus pluton in a dry film exposed to 
direct sunlight 


; Period 
Date of inoculations. of Results of inoculations. 
exposure. 


9 
European foulbrood produced. 
0. 
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TasLe VI.—Results of inoculation with Bacillus pluton, etc.—Continued 


Period 
Date of inoculations. of Results of inoculation. 
exposure. 
Hours 
Seioth, W), WHS. 5 co see Soest ee ocosaSsscosssbsaesepsossces=ace 21 | No disease produced. 
SE OUE Men MONG Some senbeoseepadsscssonosdansosebeueeons sose 23 Do. 
Sept. 14, 1915....--- ee eee is. UP an bons 2 a 24 Do. 
ANE WG, USS). ss eee cca soca ss aecsadassemgesdsessoocmasseones= 26 Do. 
Seo. Wel WHE. cos po ssos9 soncosonnbssaneseesseansaeaQsrnzos: 26 Do 
Sotto WS, WON esac sosanat5bebone sqocseugsesoueuosegedeons 31 Do 
S10 HO, WOME. cco eSe sch sc coscansosecssoussccaguooareses= 38 Do 
Aug. 3, LOUD oe ey ee en eet ee NC ees ae 40 Do. 
Sept 14,1915 Moocsteoosoecnesastousdsscesdoseagsabadsbessoc0= 44 Do 
ANDES. WG, IONS). Sooocde sosassesss0ss0 saagsees Heogsesedsoosses 46 Do 
Joh 78), ON) hos ooo eas edon ao coosoussosoasesdsessooseccub ac 63 Do. 
Sept (Oise aes aaa 1 We Ls aa eee 95 Do 


tcc idm recorded in Table VI show that Bacillus pluton in a 
dry film made from the contents of the stomachs of larve sick or 
recently dead of European foulbrood resists the direct rays of the sun 
for from 21 to 31 hours. 


RESISTANCE OF BACILLUS PLUTON IN WATER TO DIRECT 
SUNLIGHT 


In performing the experiments relative to the effect of direct sun- 
light on Bacillus pluton suspended in water, an aqueous suspension 
of the contents of stomachs of infected larvee is exposed, in a Petri 
dish with the top removed, to the direct rays of the sun. After in- 
tervals reckoned in hours inoculations of healthy larve are made to 
determine whether the organism is viable. The direct method is 
used. Experiments made in this connection are summarized in 
Table VII: 


TABLE VII.—Resistance of Bacillus pluton suspended in water exposed to the 
direct rays of the sun 


Date of inoculation. (0) Results of inoculation. 


European foulbrood produced. 
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Table VII shows that Bacillus pluton, when suspended in water 
and exposed to the direct rays of the sun, was destroyed in from. 
5 to 6 hours. 
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RESISTANCE OF BACILLUS PLUTON IN HONEY TO DIRECT 
SUNLIGHT 


Experiments were made to determine the resistance of Bacillus 
pluton when suspended in honey to the direct rays of the sun. 
In these experiments a honey suspension of the organism obtained 
from the stomachs of infected bees is exposed to the sun in a 
Petri dish with the top removed. After intervals, reckoned in hours, 
inoculation tests are made using healthy larve and the direct 
method. Table VIII contains a summary of the experiments per- 
formed : 


Taste VIII.—Resistance of Bacillus pluton suspended in honey and exposed 
to direct sunlight 


Period 
Date of inoculation. of Results of inoculation. 
exposure. 
1915. Hours. 
PATNA fore ciecbisla sisin sreinininia)x(arorewiviein a semicie es cad cece s cee eee St 1 | European foulbrood produced. 
OMe serene sac iria se ee cere res ieise stele cigs otaias cic eels 2 Do. 
eet reco re rinse is aieeicicte cin sikicle sible s wiplbinia <inie.s saleieeneleinsin 3 Do. 
LAUR Shs = GS ee ee ee me oo Seno 3 | No disease produced. 
ANTE. UA) oo nqnineB oe CoO OC CCE pea des Shida Cnass, aempEece HGosoEe 3 Do. 
VOD apt bebae res efce eee ce fais Sans te sieideteishe Le cie <sad comedies 3 Do. 
‘Saye 1, I) ICO DCE OO CREB CR OCEEUBE EC CSCS Cosa EE aaMES rn: GoEcese 4 Do. 
ai pri Merete sniciswsccis sce ves sks Saciecsc tre sdel.essescmeeecees 5 Do. 
GURL semesen econ es aes oem aes cess cocseseeasa locos eemeneeee 5 Do. 
ac vob ods one sauce nua cueb bs sSeec arc CGBesESrESpaesesacee 6 Do. 
(SEs Wil Wee Oe BORED CBRE SRESOe ee cee Ae eae eames: cians 7 Do. 
RIOT eee ice nen cise mare as Seeseuocc cece face dae eee ee 8 Do. 
sos OC BbOOo AeoLe cose 3 qoensono sneeOUReReSsBBeoboodsses 9 Do. 
"SGTE SR, noc ESE OGRE GE See Gospel Hee ae Ea imam Sie eter 10 Do. 


It is shown by the experiments recorded in Table VIII that in 
direct sunlight Bacillus pluton was destroyed in from 3 to 4 hours. 

The results obtained by the experiments summarized in the last 
three tables above, it will be noted, show that Bacillus pluton is sus- 
ceptible to the destructive effects of the direct rays of the sun; that 
the resistance of the organism suspended in honey is about equal to its 
resistance when suspended in water; and when dry the resistance is 
considerably greater than when suspended in either water or honey. 
It is to be expected that the period required for the destruction of the 
organism by the rays of the sun will vary with the intensity of the 
rays at the time of the exposure. In the foregoing experiments clear 
days were chosen and preference was given to the middle of the day 
for the exposures. 


RESISTANCE OF BACILLUS PLUTON TO FERMENTATION 


In obtaining data relative to the resistance of Bacillus pluton to 
fermentation, the stomach contents of larve sick or recently dead of 
European foulbrood were suspended in a 10 per cent sugar (saccha- 
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rose) solution. A bit of soil was added to inoculate it further. 
Records were made on suspensions fermenting at incubator and room 
temperatures, respectively. Tables IX and X which follow sum- 
marize experiments made: 


TABLE 1[X.—Bacillus pluton in a 10 per cent sugar solution fermenting at ineu- 
bator temperature 


Period of 
Date of inoculation. fermen- Results of inoculation. 
tation. 
Days 
ATI ADELOIG TS So ace eal meee sae mee Gee e se aan seemieiecee 3 | European foulbrood produced. © 
JUNE} 26 5191 6s sks food. sae a eee as sete ace 5 | No disease produced. 
Sep tes 2a OL Gs: 5 5. eee 2 eee eee icles apg ge ee ee tare ee 7 Do. 
Septs7; 1QUb 22 os Se A ae Sepa Ses tae ee 2 a 8 Do. 
‘Aue? 9: 19TH ERE Sra Ree See aes waas oe o aoe seer ee canines 10 Do. 
June:30;1916 sesso seeee epee eee Seca ees tee ea 15 Do. 
MVS PLOL Se eS S AE NE ee Ne 15 Do. 
AE 24) DOUG ee eee oh ii a oN Sap eto ae a Sie Seen Yale aa 24 Do. 


Taste X.—Bacillus pluton in a 10 per cent sugar solution fermenting at room 


temperature 
Period of 
Date ofinoculation. fermen- Results of inoculation. 
tation. 
Days. 
9 | European foulbrood produced. 

10 Do. 
10 Do. 
14 Do. 
16 Do. 
17 Do. 
11 | No disease produced. 
14 Do. 
21 Do. 
27 Do. 
32 Do. 
49 Do. 


The experimental results contained in Tables IX and X show that 
Bacillus pluton is destroyed in a fermenting solution. At incubator 
temperature the virus was destroyed in from 3 to 5 days, and at room 
temperature it was killed in from 11 to 21 days. 

Similar experiments were made in which suspensions in 20 per 
cent honey solutions were allowed to ferment at outdoor temperature. 
The records obtained show that Bacillus pluton in this environment 
was still alive and virulent after one month. 


RESISTANCE OF BACILLUS PLUTON TO PUTREFACTION 


Suspensions of the contents of stomachs from larve sick or dead 
of European foulbrood were made in a 1 per cent peptone solution. 
Soil was added to inoculate it further. Putrefactive changes were 
allowed to take place at incubator and room temperatures, respec- 


EUROPEAN FOULBROOD. 23 


tively. In Tables XI and XII. which follow, are summarized the 
experiments performed : 


TABLE XI.—Bacillus pluton in the presence of putrefactive processes at incubator 
temperature 


Period of 
Date ofinoculation. putre- Results of inoculation. 
faction, 
Days. 
Tine G0) TOS 2 ee eae a Cl ee eS ees 9 | European foulbrood produced. 
BIOTA ees Ok Onmieie ole ae clnininn <nieimie minolta ine misieln nin oe e'vin eno m nina siesis 7 | No disease produced. 
Jags) US) WCE Ge ane oepece de gece Hosa DE Deacon sre: ccceors 8 Do. 
oGpotie 7. DUD ae See Seen osnet sore HOB EEer PEED SeSeOS ore char 13 Do. 
Merrow GLO: woae se sa casee mse sa= dacs teen hohe eenjeinsigdcice 15 Do. 
Sein LO} TCM aeRO AE SGA Ad ec rae Seater ane ec 16 Do. 
TSU hp ILD). Coc och bea snbo ge stedst one. DSBeEsEeoeoeaceso cco 18 Do. 
LAT. Oy LO an Geran Seg co oBeC DOSS 5e A Ooo eee ee ep eBepene ccc Be 19 Do. 
POA PRO O eae oo arms eiaieia ss aos naires s+ ale mcierle tigebaiaiotd 26 Do. 


Tarte NII.— Bacillus pluton in the presence of putrefactive processes at room 


temperature 
Period of 
Date ofinoculation. ae Results of inoculation. 
ion, 

Days 
bE, By Wllionn toes coteee sec sors dee aces bese] sssoadecscse 8 | European foulbrood produced. 
(igi) UD IBN os se sedco Son senodesesogssbdbedteatodoesseca5e 10 Do. 
Aged hy 3) VOM sooo toons] Secmeecane Ab gesgndosaseeseneeonséone 14 Do. 
{Wel Ny FB IG oes cote ore oe bebe oobedetees pases seeseesescues 16 Do. 
PAR eA 1 4tne ceene tas oes see oy eames Aalto 2) ae 18 Do. 
Sigint 17; EMD Sg Gatos deteodoecuesodso pee seTdUedeneeopScoscec 18 Do. 
july 25; (OWE. 5 ooseccor et se bnobensc asses de seseeenaeeassac+coc 18 Do. 
Stair A WG 8 oe eee cco Bipecrode ce Soc we eres Oe hoeno 2 Sa5dia5 26 Do. 
ENO, By IONS) 3 ao. coebe cece ecnsesoss cos soceseeaseees secre: sue 27 Do. 
AMI SROSMLON GHEE Sane eee aaasen ace a sak Sates oe om one eee 21 | No disease produced. 
Sigyerte i, TONES oy oe See Ee Sees dae oe Sobeeeeeopos a-6-6e4 35 Do. 
Soli IW oe 25 peg sosoheer ie sazeseesemanseegss 225284550 51 Do. 
INE TP MG need ede dance seadeee oe dee oeeee Pp eenebere > sebegae 52 Do. 


As shown by Tables XI and XII Bacillus pluton is destroyed in 
the presence of putrefactive processes. At incubator temperature 
it resisted the effects of these processes for from 7 to 13 days and 
at room temperature for from 21 to 35 days. 

During August and September, 1916, preliminary experiments 
were made testing the resistance of Bacillus pluton, to putrefaction 
at outdoor temperature. The parasite was alive and virulent after 


40 days. The maximum period during which it will remain so has 


not been determined. 
VIABILITY OF BACILLUS PLUTON IN HONEY 


Honey suspensions of Bacillus pluton from the stomach contents 
of larve sick or recently dead of European foulbrood were made and 
distributed in flasks each containing about 300 c. c. These were 
allowed to stand at room temperature shielded from the light. At 
intervals thereafter colonies free from the disease were inoculated 
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each with the contents of a single flask. A summary of the experi- 
ments is contained in Table XIII: 


Taste XIII.—Resistance of Bacillus pluton in honey at room temperature. 


Date ofinoculation. Period in honey. | Results of inoculation. 
Months Days 
Maiyso2 SO bee emmacistee= seme en sciatic sein /a|</ raise eee 4 | European foulbrood produced. 
June 12, LOT OS sateen seicine le seiene ser eeiets = elses ae orc llois aieisfeyase 25 Do. 
Anrth/ 7A} ORY Ae ees consacasnacocaasaaoe =4cabessase 1 6 Do. 
FUMES GIS: bse eettsase eee eset eae <2 sees 1 11 Do. 
JANIE 23) 1915 esses semenier aoe anim noose 1 15 Do. 
FAUST SOU Oe ec see lsae eeee ee af ne Sone 1 17 Do. 
Apri hab, pea emee - csasoesososane Rea oh cakeames 1 25 Do. 
INT PR) OUD = ceodeaakbeseo=cdéssrcnesssonconeconee 2 Do. 
Sept. 10, 1 be eee ebanacss Bos cod Soore oanesnaceSoece 2 25 Do. 
Aug. 16, HIGIG hn Secon 3 Do 
May 19, 1916. . uf 0 | No disease produced. 
May 4, 1915. 7 17 Do. 
DUM OLS ns asec e eee eee demas 8 0 Do. 
Une lop Ole sent sesesrer ee sesso eee eee eee 8 0 Do. 
Wiehe) 1) SR ASe AcoatuteaD sae sosoeseuaeescoseon 8 25 Do. 
May 14,1915..-..-.----- dele hy hei beets Meee ee 8 26 Do. 
NBR POP, IIS CoAatean Shh andace se ssodeaewoscsosess 9 5 Do. 
INE 7 eek, TMG oo pan seco ssoseoaesssqsesososancsHes 9 Do. 
Ah eISe S eae eee Hanne ieApesaseessaecoaasS 9 11 Do. 
DMEea LS VE OG eect She ease a res recto in ea a 10 Do. 


Experimental evidence recorded in Table XIII shows that the 
virus of European foulbrood when suspended in honey at room tem- 
perature ceased to be virulent in from 8 to 7 months. 


VIABILITY OF BACILLUS PLUTON IN POLLEN 


Preliminary experiments were ‘made to determine the viability of 
Bacillus pluton in pollen. Pollen is removed from brood-comb, and 
an aqueous suspension of the organism obtained from the stomachs 
of larve sick or recently dead of the disease is added to it until a 
moderately thick, pastelike mass is obtained. This is distributed in 
Petri dishes and allowed to stand at room and refrigerator tempera- 
tures, respectively. After different intervals of time the contents of 
a single dish, after being suspended in water, are added to about 
300 c. c. of sirup and the suspension is fed to a colony, using the 
indirect method. The results show that Bacillus pluton was viru- 
lent after 7 months at room temperature and for more than 10 
months in the refrigerator. The maximum period during which the 
organism will remain alive in these two environments has not been 
determined. 


RESISTANCE OF BACILLUS PLUTON TO CARBOLIC ACID 


Preliminary experiments were made to determine the effect of 
carbolic acid on the virus of European foulbrood. An aqueous sus- 
pension of the contents of the stomachs of larve sick or dead of the 
disease is first made. A measured quantity of this suspension is 
added to an equal quantity of an aqueous suspension of carbolic acid 
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of a strength twice that desired in the experiment. After shaking, 
it is allowed to stand at room temperature. At intervals brood free 
from the disease is fed a bit of this suspension, using the direct 
method. Table XIV summarizes the experiments performed: 


Taste XIV.—lffect of carbolic acid on Bacillus pluton 


Strength | Period 
Date of inoculation. of of sus- Results of inoculation. 
solution. | pension. 
Per cent.| Days. 
4 4 | European foulbrood produced. 
4 1 Do. 
4 4 Do. 
4 8 Do. 
3 18 | No disease produced. 
1 15 | European foulbrood produced. 
1 4 | No disease produced. 
2 15 Do. 
2 118 Do. 
2 1 Do. ° 
2 4 Do. 
2 4 Do. 
2 9 Do. 
4 154 Do. 
1 Hours. 


The experiments outlined in Table XIV show that Bacillus pluton 
withstood a one-half per cent solution of carbolic acid for 8 days 
but not for 18 days; that it withstood 1 per cent for 5 hours but 
not for 4 days; and that it was destroyed by 2 and 4 per cent solu- 
tions, respectively, in less than 6 hours. Probably it is destroyed 
by these. latter strengths in considerably less time than this. 

It is seen by these preliminary experiments that Bacillus pluton 
is destroyed easily by carbolic acid as a disinfectant. As a drug, 
however, less can be expected of it, inasmuch as a strength twice 
that which the bees will accept in honey (Table XV) requires days 
to destroy the germ. While the fact does not furnish conclusive 
proof of the value of carbolic acid as a drug, it indicates what 
might be expected of it in the treatment of the disease. 

In using the results recorded on the foregoing pages for the 
purpose of destroying the virus of European foulbrood and con- 
trolling the disease in practical apiculture, it must be borne in 
mind, as has been urged in the discussions on the other bee diseases, 
that due allowance must be made by the beekeeper for variations 
which always occur. These, however, are relatively slight and can 
be met readily. In the destruction of the virus through heating, 
for example, the temperature can be raised a few degrees above that 
which is found to be the minimum required, or the time can be 
extended somewhat. Similarly for the other destructive agencies 
_ the effectiveness of the process can be increased. 
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Preliminary experiments have been made to obtain data relative 
to the effect of drugs on Bacillus pluton. In conducting the experi- 
ments a suspension of the stomach contents of larve sick or recently 
dead of European foulbrood is made in an aqueous solution of the drug. 
This is added to diluted honey and healthy brood is fed this sus- 
pension. In some instances the direct and in others the indirect 
method was followed. In Table XV are summarized the experiments 
which were performed: 


TABLE XV.—The effect of drugs on European foulbrood 


Date of experiment: = Drugs. Strength. Results of inoculation. 
1916 

dimly We eos tcscseqasece Betanaphthol.-.-.-.-.-.-.------ 1:2000 
Wien Bile. seStss Sees ssoaeslls used (Oe Padctehe cessesoesac ese 1:1000 
DUNC Mise ose) se eee See Nee (6 oy Bey Sees Me mee oo aeons 2:1000 
DUTY ALPES os Sis eee Carbolic acid. ...-.-.------------ 1:2000 
ables 7A eee Renee eeeeese one (6 (05 ee a Re ey eos mae 1:1000 

| DYo ee Heep elon [eter GO sei osssee seas. Sas 2:1000 
WIG, Bil. -osscessounesor Oil of eucalyptus. ..---.--------- 4:1000 
aay AL es ss vara) St GOs ses SS eee ies 4:1000 
MMM TS Pm isis ese ee eie MOTONCACIde ates ene see eer ee re 1:1000 
Til oe see ie revise OO SMe a ees e kbebo co nsesaae 3:1000 |(European foulbrood produced. 

DOS ie RO ES Salicyliciacid== 2 2-¢ -- aes eee 1:2000 
May Sie Sie re Saenere w ee a eee (0 aes tap at esprit 1:1000 
June Wee] fice tae eee sense GO a55 eSoscsocet seer es stsose: 2:1000 
DULY ene ee eee SENG coscbenesatscomedeecisesaced 1: 
Ma yBit oe as 8s a nie Ie GOs coset Se shes Roce eee 1:1000 
UUNONi = Soe sere ce err eee GOs Mee eee. caer ees 2:1000 
July gs |e See Quinine: 3528- Soe ct ae eee 2:1000 
Mayi3le Sei. Ast ee ee dort ee eee 4:1000 

WWhalW/eoee ashe cansoaee sae ls a6- ECOWAS 5 weSecesensededoecdqess 10:1000 


It will be observed from Table XV that European foulbrood was 
produced in all cases in which larve were fed a suspension of 
Bacillus pluton in sirup medicated with betanaphthol, carboiic acid, 
eucalyptus, formic acid, salicylic acid, salol, and quinin (bisulphate 
of quinin), respectively, in the proportions noted. 

The strongest solutions of the drugs used in the experiments are” 
in most instances approximately the maximum proportion of the 
chemical in honey that will be taken by the bees. These prelimi- 
nary results indicate that drugs should not be depended upon, for 
the present at least, in the treatment of European foulbrood, and 
emphasize the fact that beekeepers should make sure that the value 
of a drug has been demonstrated fully before it is used. 


TRANSMISSION OF EUROPEAN FOULBROOD 


While there is yet much to be learned concerning the transmission 
of European foulbrood, the data at hand relative to this important 
phase in the study of the disease justify certain statements in regard 
to it. The disease can be produced experimentally by feeding a 
healthy colony the crushed larve sick or dead of the disease, sug- 
gesting that infection takes place by way of the alimentary tract. 
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Through the study of microtome sections of such larvee, it has been 
conclusively proved that infection takes place in this way. The fact 
is naturally one of special moment in the solution of the transmission 
of the disease. There is a tendency on the part of adult bees to 
remove sick and dead larve from the brood comb. This is done 
largely at least in a piecemeal manner. Were the fate of the frag- 
ments removed known definitely the solution of the problem natu- 
rally would be aided greatly. 

If infective material thus removed were fed to susceptible 
healthy larvae, disease would result. On the other hand should the 
fragments of diseased larvee be stored with the honey of the hive 
or with the pollen, or consumed by the adult bees, or by larve 
later in the feeding stage, the chances that such material would 
ever reach susceptible larvee to cause infection are very much re- 
duced. Stored in honey the virus remains virulent only a few 
months (p. 24) ; in pollen, however, it remains virulent much longer 
(p. 24). Drying within the hive Bacillus pluton would probably 
remain alive more than a year (p. 19). 

The chances that any portion of the infectious ahs of any 
given fragment, if it is removed entirely from the hive by the bees 
of the ay, aa released from them, will be taken up by other 
bees and carried to healthy brood and cause infection are compara- 
tively slight. If thus removed and exposed to the direct rays of 
the sun, the virus will be destroyed within a few hours (p. 19); 
or if subjected to fermentative or putrefactive processes it will be 
destroyed in a few weeks (p. 23). If Bacillus pluton is present in 
honey extracted from diseased colonies it will be destroyed within 
a few months while in storage (p. 24). It is seen, therefore, that in 
nature there are many means that destroy the virus of European 
foulbrood and thus limit the spread of the disease. 

All of the colonies of the experimental apiary used in making the 
inoculations cited in the present paper had free access to the fields 
and there was no evidence at any time of the transmission of the 
disease from infected to healthy colonies. This fact supports the 
conclusion that the disease is not spread by way of flowers visited 
by bees from healthy colonies which had been visited previously by 
bees from diseased ones. The fact further indicates that if the dis- 
ease is transmitted at all by way of the water supply of the bees, it 
takes place to a limited extent only. The fact still further indicates 
that if drones or straying or drifting workers transmit European 
foulbrood they do so to a slight extent only. If these observations 
are at variance with the experience of the practical beekeepers, 
as the writer has been informed that they are, they will probably be 
of particular interest. 
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Observations made during the present studies indicate that queens 
from European foulbrood colonies are not likely to transmit the 
disease when introduced into healthy colonies. The experiences fur- 
ther show, and the facts in general regarding the disease support the 
conclusions, that the infection will not be transmitted by the hands 
or clothing of the beekeeper, or by visitors to the apiary when the 
manipulations ordinarily practiced are followed. Tools and equip- 
ment used about the apiary are not to be feared unless they supply a 
source for robbing. Hives which have housed infected colonies are 
not likely to be a medium for the spread of the disease. 

Robbing of infected colonies is the most fruitful source of infec- 
tion. A colony weakened by disease (p. 5) becomes a prey for other 
bees. Infectious material is carried to other colonies, thereby trans- 
mitting the infection. Manipulations in the apiary, whereby brood 
combs from diseased colonies are placed in healthy ones, are another 
fruitful source for the transmission of the disease. Preliminary 
work + indicates that stored brood combs from European foulbrood 
colonies may transmit the disease after a considerable period. 

The disease, it would seem, might be spread through the medium 
of honey from infected colonies. The danger from this source, how- 
ever, probably has been overestimated at times (p. 23). That pollen 
stored in the comb would serve as a protection to Bacillus pluton, if 
the parasite were lodged with it, has been determined (p. 24). 


DIAGNOSIS 


The diagnosis of European foulbrood offers more difficulty than 
does that of either American foulbrood or sacbrood. It can usually 
be made, however, from the symptoms alone. Inasmuch as these 
symptoms (p. 4) are rather varied, much care should be exercised in 
cliagnosing the disease. 3 

The appearance of the adult bees does not aid in the diagnosis. 
A weak colony should arouse suspicion. Increased suspicion is jus- 
tified when no other readily discernible cause for the weakness is to 
be observed. The disease may be present, however, in a strong colony. 
Such a case may be one of recent infection or one which late in the 
recovery from the disease has gained in strength. It may be, how- 
ever, a colony which has suffered only a slight attack of the disease. 

The following outstanding gross characters are often sufficient for 
a diagnosis: The dying of the brood before the time for capping (Pls. 


1 Brood combs were removed from European foulbrood colonies in October, 1914, and 
stored in the laboratory. In May, 1915, one frame of brood comb was placed in each of 
two colonies with the result that European foulbrood was produced in both instances. 
When a frame of the comb was placed in the colony in May, 1916, no disease resulted. 
After 6 months the combs were still able to transmit the disease; after 18 months they 
did not. These experiments are not sufficient to justify definite conclusions but are 
suggestive. 
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II, III, IV), the yellow hue of the larve more recently dead, and 
the brown shade of those longer dead, the irregularity of the brood 
(P1. 1), and the absence of a disagreeable odor. 

_ Not infrequently, however, the diagnosis is not so simple. During 
recovery from the disease scales (Pl. V, F, I) of larvae dying in 
capped cells may be the only remains of diseased brood to be found, 
all of the younger larve having been removed by the bees. These 
scales' are, as a rule, comparatively few in number and resemble 
somwhat those of American foulbrood, but would rarely be mistaken 
for those of sacbrood. In these cases a diagnosis can be made fre- 
quently by a microscopic examination alone. Cultures, however, are 
needed in some instances. 

Special attention is needed in cases of early infection and in other 
instances where only a small amount of diseased brood in uncapped 
cells is present (Pl. I, A). The symptoms manifested by larve sick 
or only recently dead of the disease furnish often the readiest and 
most conclusive evidence of the presence of the disease. Larvee of 
the age at which they comfortably fill the bottom of the cell exhibit- 
ing increased peristalsis-like movements of the body suggest European 
foulbrood. Increased transparency of larve of this age (Pl. II, B) 
is also suggestive. The presence of a white or yellowish-white mass 
within the stomach (midgut) as seen through the dorsal median line 
of the body is strong evidence of the presence of the disease. If 
on puncturing the body of larve nearly dead or only recently dead the 
contents of the stomach flows out as a fluid and more or less finely 
granular mass, the fact furnishes further evidence of European foul- 
brood. 

A symptom which is pathognomonic of the disease is to be seen in 
larve that have been infected somewhat more than two days, but 
wherein the disease has not reached an advanced stage. The test 
(15) involves the removal of the stomach contents, which con- 
sist of a bacterial mass, together with a small amount of larval food 
and a clear envelope (Pl. VIII, a,b,c). The slight tension necessary 
to remove the contents stretches the envelope and breaks the whitish 
bacterial mass into a number of fragments. 


1 The number of larve that die of European foulbrood in capped cells after assuming 
the endwise position represents a very small percentage of the brood that dies of the 
disease. These remains may be found in practically all colonies in which the disease has 
been present for a, sufficiently long period and in which a considerable amount of dead 
brood has resulted. Before becoming dry they are somewhat viscid and are less easily 
removed than are those of larve dying at an earlier age. These and the scales resulting 
from them are used in diagnosis principally (1) when the younger larve sick or dead of 
the disease have been removed, (2) when a demonstration of the presence of Bacillus alvei 
is desired, and (3) when both European foulbrood and American foulbrood infection is 
suspected. Such a double infection has been encountered in the writer’s experience very 
rarely. In making diagnoses, therefore, after European foulbrood has been found in 
the sample American foulbrood is seldom looked for. 
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By one or more of these colony symptoms manifested by larve 
sick or only recently dead of the disease the experienced can diagnose 
European foulbrood definitely without a microscopic examination. 
The methods not only give definite results, but are also easy of 
application. They have been indispensable in much of the writer’s 
experimental work and it is believed that the beekeeper will find 
them to be valuable in practical apiculture where other gross meth- 
ods fail. 


BACTERIOLOGICAL EXAMINATION 


The findings from microscopic examinations and from cultures 
have been set forth in an earlier publication (10). These are always 
adequate for a definite diagnosis when a suitable sample is at hand. 
Bacillus alvei (p. 11) (fig. 2; Pl. VII, D, F) frequently overshadows 
all other species. In larve sick of the disease Bacillus pluton (PI. 
VII, A, B) overshadows all others. With experience one learns to 
recognize this species in stained preparations. The individuals are 
seen frequently in groups. They are more or less lancet shaped, and 
a variation. in size is often sufficient to be noticeable (fig. 1).1. In 
larvee nearly dead and in those only recently dead Bacterium eurydice 
(p. 13) (fig. 4; Pl. VII, C) is frequently encountered. Streptococ- 
cus apis (p. 12) (fig. 3; Pl. VII, E) occurs in a small number of 
cases. Bacillus orpheus (p. 14) (fig. 5; Pl. VII, H), B. vulgatus, 
and B. mesentericus are occasionally encountered. While B. pluton 
is present in all cases of European foulbrood, not infrequently in 
routine examinations it is so masked by the secondary invaders that 
the microscopic examination fails to reveal it. In many cases B, 
alvei and B. orpheus are recognized microscopically. Cultures are 
necessary for the differentiation of B. vulgatus and B. mesentericus. 
In many cases cultures are needed to differentiate Strep. apis and 
B. pluton. Strep. apis grows on the ordinary media, B. pluton 
does not. 

DIFFERENTIAL DIAGNOSIS 


AMERICAN FOULBROOD 


American foulbrood is recognized by the death of larvee in capped 
cells and of pupz soon after transformation, the viscidity of the decay- 
ing remains of the brood, and, the “ foulbrood” odor which is fre- 
quently present. The presence of the spores of Bacillus carvae in 
large numbers and the absence of other species is conclusive proof 
of American foulbrood. 

1 Smears made from larve sick of European foulbrood and quite early in the course of 
the disease were selected in making a study of the morphology of B. pluton. These were 
stained with iron hematoxylin. In smears made from dead larve and stained with carbol 


fuchsin, as is usually done, the pointed ends and the more or less rod-shaped forms are 
jess prominent than illustrated in figure 1. 
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SACBROOD 


Sacbrood is recognized by the death of larve after capping, by the 
saclike appearance, the watery granular consistency of the larval 
remains, and the absence of viscidity. The absence of microorgan- 
isms characterizes the microscopic picture in sacbrood. 


OTHER CONDITIONS 


Conditions referred to as chilled brood, overheated brood, and 
starved brood must be differentiated from European foulbrood. This 
can usually be done with little difficulty by a comparison of the symp- 
toms present with those of European foulbrood. The history of 
the case is of much value. Brood dying after being removed from 
the hive and before examination is made shows often an interest- 
ing similarity to European foulbrood. B. alvei and B. pluton are not 
found in these conditions. The absence of bacteria, or their presence 
in smal] numbers only, and a lack of uniformity of the species when 
present, characterize the bacteriological findings in these cases. 


PROGNOSIS 


There is no uniformity in the prognosis in European foulbrood. 
The diseased colony may recover completely from the infection, suf- 
fering only a slight loss in strength as a result of it; the colony may 
recover but sustain considerable loss; or it may die out entirely, as a 
result of the disease. The infection may spread only slightly to other 
colonies-of the apiary or the entire apiary may become infected. The 
losses sustained vary from slight to total. ‘The tendency for Euro- 
- pean foulbrood to disappear is greater after midsummer than before. 

Whether a larva once infected ever recovers from this disease is 
not known, but the evidence at hand indicates that it may. This 
seems to be especially probable when the infection takes place during 
the latter part of the feeding period of the larva. Queen larve are 
susceptible to infection, but sufficient data are wanting from which 
to estimate the extent to which queenlessness may result from the 
disease. In experimental colonies queens have been reared in the 
preserice of a considerable amount of European foulbrood infection. 

The prognosis for the colony in the case of European foulbrood 
may be said, therefore, to vary from very good to very grave, many 
recovering entirely from the infection without treatment and without 
appreciable losses, while others rapidly decline and finally die out. 


SUMMARY AND CONCLUSIONS 


The following -is a brief summary of facts regarding European 
foulbrood, together with some conclusions based upon them: 
1. European foulbrood is an infectious brood disease of bees caused 
by Bacillus pluton. 
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. All larvee-—worker, drone, and queen—are susceptible to the dis- 


ease; adult bees are not. 


. Man evidently is not susceptible to infection with Bacillus pluton, 


nor are the experimental animals. 


. As far as is known insects other than bees are not susceptible. 
. Brood can be infected by feeding the colony a suspension of 


crushed larvee sick or dead of the disease. This is described in 
the present paper as the indirect method. 


. The virus contained in a single larva recently dead of European 


foulbrood will produce a considerable amount of disease when 
fed to a colony. 


. The larve can be infected also by a more direct method. A 


fraction of a drop of a suspension of the stomach contents of 
a larva sick of the disease added with a capillary pipette 
directly to the food surrounding the larva to be inoculated 
will result in infection. 


. Bacillus pluton gains entrance to the larva by way of the mouth. 


The growth and multiplication of the parasite take place 
within the stomach (mid-intestine) of the larva and do not, 
during the life of the larva, get beyond the peritrophic mem- 
brane. The tissues, therefore, are not invaded by it. 


. The secondary invaders in European foulbrood, Bacillus alvei, 


Streptococcus apis, Bacterium eurydice, and Bacillus orpheus, 
rarely, if ever, invade the tissues until the larva is dead or 
nearly so. In a few instances in microtome sections rod forms 
have been encountered in the act of invading the tissues of 
living larve. The species, however, was not determined defi- 
nitely. 


. The period of incubation is slightly less than 3 days. 
. Brood is susceptible to infection at all seasons of the year. 
. More brood die of the disease during the first half of the brood- 


rearing season than during the second half. 


. The writer has examined samples of the disease from Canada 


and the United States. From written reports it seems quite 
certain that it occurs also at least in Denmark, England, Ger- 
many, France, and Switzerland. 

Occurring as it does in this somewhat wide range of climatic 
conditions, the presence of the disease in any particular locality 
can not be attributed entirely to the prevailing climatic con- 
ditions. 

The quality of food obtained by the bees does not affect greatly, 
if at all, the course of the disease in the colony, although the 
quantity may affect it to a variable extent. 
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Experimental colonies may be inoculated and kept in the apiary 
without transmitting the disease to others. This fact is of 
special importance, not only in connection with the technique 
of making studies on the disease, but also in the control of the 
malady. 

The thermal death point of Bacillus pluton suspended in water 
is approximately 63° C. maintained for 10 minutes. 

When suspended in honey Paeillus pluton is destroyed in 10 
minutes at approximately 79° C. 

Drying at room or incubator temperature Bacillus pluton re- 
mains alive and virulent for approximately one year. 

When dry, Bacillus pluton resisted the direct rays of the sun for 
from 21 to 31 hours. 

When suspended in water Bacillus pluton was destroyed by the 
direct rays of the sun in from 5 to 6 hours. 

When suspended in honey and exposed to the direct rays of the 
sun Bacillus pluton was destroyed in from 3 to 4 hours. 

In the presence of fermentative processes in a 10 per cent sugar 
solution Bacillus pluton was destroyed in from 3 to 5 days at 
incubator temperature and in from 11 to 21 days at room 
temperature. 

In a fermenting honey solution outdoors Bacillus pluton was 
still alive and virulent after one month. 


. In the presence of putrefactive processes at incubator tempera- 


ture Bacillus pluton was destroyed in from 7 to 13 days and at 
room temperature in from 21 to 35 days. 

In a putrefying medium at outdoor temperature Bacillus pluton 
remained alive and virulent for more than 40 days. The maxi- 
mum period has not been determined. 

In honey at room temperature Bacillus pluton ceased to be viru- 
lent in from 3 to 7 months. 

Mixed with pollen, Bacillus pluton remained alive and virulent 
for more than 7 months at room temperature and more than 
10 months at refrigerator temperature, the maximum time not 
being determined. 

In one-half per cent carbolic acid solution Bacillus pluton was 
destroyed in from 8 to 18 days; in 1 per cent it was destroyed in 
from 5 hours to 4 days, and in 2 and 4 per cent in less than 
6 hours. The probability is that at these higher strengths of 
the solution minutes rather than hours are sufficient for the 
destruction of the virus. 


Experimental evidence indicates that at the present time drugs 


should not be depended upon in the treatment of European 
foulbrood. 
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31. Robbing from diseased colonies of the apiary or from neigh- 
boring apiaries is the most likely manner in which European 
foulbrood is transmitted in nature. 

32. Brood-combs containing diseased brood, if given to a healthy 
colony, serve as a medium for the transmission of the disease. 

33. European foulbrood is not likely to be transmitted by queens or 
‘drones. Whether they ever do so has not been demonstrated. 

34. As a rule a hive which has housed a European foulbrood colony 
should not be considered as a fruitful source of infection. The 
facts indicate that often such hives could be used with im- 
punity for housing colonies without treatment. Flaming 
_them inside certainly removes all danger. 

35. The transmission of European foulbrood by way of lone 
visited by bees from diseased colonies and subsequently by 
those from healthy ones, is not to be considered as a likely 
source of infection. Whether the water supply is ever a source 
of danger is not known. It is evidently not a fruitful source. 

36. The disease is not likely to be transmitted through the medium of 
the clothing or hands of the apiarist. 

37. Tools and bee supples in general do not serve as means for the 
transmission of the disease in the absence of robbing from such 
sources. | 

38. It is usually possible to diagnose European foulbrood from the 
symptoms alone. A definite diagnosis can be made from suit- 
able samples by bacteriological methods. 

39. The prognosis in European foulbrood varies from very good to 
exceedingly grave. The tendency for a colony to recover en- 
tirely from the disease is much greater than in American 
foulbrood. 

40. Considered from the technical point of view, much is yet to be 
learned concerning European foulbrood. For practical pur- 
poses, however, it can be said that sufficient knowledge has 
been gained to make it possible for the beekeeper to devise a 
treatment which will be logical, efficient, and at the same time 
economical. 
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EXPLANATION OF PLATES 


PLATE I 


Brood-combs containing larve that are sick and others that are dead of Euro- 
pean foulbrood, showing the irregular appearance of the brood. About one-half 
natural size. 

A.—The dead larve have all been removed. Some of the remaining larve 
are sick, others are not infected. The disease was produced by experimental 
inoculation. 

B.—Many of the dead larve have not been removed. The comb had been 
out of the colony for a considerable period. The larve that are quite young 
showing abnormal position and appearance are not sick or dead of European 
foulbrood, but are so as a result of the comb being away from the colony. 
Disease was produced by experimental inoculation. 

C.—The comb was taken from a colony in which the disease had appeared 
in nature and not as the result of artificial inoculation. Before being photo- 
graphed the brood-comb had been out of the hive for a few days. Aside from 
the larve which are dead of European foulbrood, other laryze present are dead 
from lack of attention by adult bees—starvation, exposure, and other causes. 


Prate II 


A.—Live larva showing first symptoms of European foulbrood. The tur- 
gidity is slightly less than in a healthy larva (D). 

B.—Live larva showing early symptoms of European foulbrood. The body 
is more transparent than that of a healthy larva (D). Small opaque areas give 
it a punctate appearance. 

C.—Larva dead of European foulbrood contained within a chitinous envelope 
filled with a watery-appearing fluid. 

D.—Healthy larva of the earliest age at which larve die of European foul- 
brood. Turgidity marked. 

E.—European foulbrood larva which may or may not be dead. Surface less 
glistening than in healthy larve. Marked turgidity lost. Prominence of traches 
not increased. 

F.—Scale formed by drying of larve dead at early age. Prominence of 
trachee marked. 

G.—View of healthy larva in normal position with roof of cell removed. 
Larva turgid. Surface glistening. ; 

H.—Larva sick with European foulbrood. Lack of turgidity and increased 
prominence of traches observed. 

I.—European foulbrood larva which may or may not be dead. Less turgidity. 
a relative dullness in the surface appearance, and punctate condition present. 


Similar to E. 
Prats Iii 


A.—Healthy larva immediately preceding the age at which the capping of the 
cell is done. Dorsal surface turned toward the observer. The narrow trans- 
_parent area along the dorsal median line is prominent. 
B.— Larva dead of European foulbrood of the same age as A. The turgidiiy, 
glistening surface, and transparent area are less marked. 
_ C.—tLarva dead of European foulbrood partly coiled and partly endwise in 
—eell. 
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D.—Healthy larva near the age at which capping takes place. 

H}.—Dorsolateral view of a larva dead of European foulbrood. 'The ends are 
directed toward the bottom of the cell. 

H'.—Larva dead of European foulbrood. The body occupies a spiral position 
in the cell. 

G.— Healthy larva approaching the age at which capping takes place. 

H.—Lateral view of larva dead of European foulbrood seen with the roof of 
the cell removed. The ends are directed toward the bottom and the dorsal 
surface toward the mouth of the cell. 

I.—Dead larva similar to H but having been dead somewhat longer. 


PLate IV 


A.—Young larva dead of European foulbrood. The chitinous capsule and 
tracheze are prominent. 

B.—Fragments of young larva dead of European foulbrood, a portion having 
been removed by adult bees after its death. = 

C.—Lateral view of larva dead of European foulbrood, the roof of the cell 
having been removed. The ends in this instance are directed more or less to- 
ward the mouth of the cell. 

D.—Lateroventral view of larva dead of European foulbrood. The body lies 

with the dorsal portion against the floor of the cell. 

K.—Larva dead of European foulbrood lying on the floor of the cell in some- 
what lengthwise position. 

F'.—Scale of European foulbrood larva which had occupied a somewhat spiral 
position in the cell. 

G.—Scale of a European foulbrood larva which had occupied a position some- 
what as shown in D. This scale and the one shown in F can be removed intact 
rather easily and without tearing the wall of the cell. 


PLATE V 


Larve (prepupse) of bees dead of European foulbrood which had already 
assumed before death a lengthwise position in the cell. 

A.—Fragment of European foulbrood soon after death. A portion of the 
larva has been removed by the adult bee. 

B.—Mntire cap of cell containing larva dead of ve eanee foulbrood. 

C.—Punctured cap of cell containing the remains of a larva dead of Euro- 
‘pean foulbrood. 

D.—End view of larva dead of European foulbrood. 

H.—End view of larva dead of European foulbrood, lying with its dorsal 
surface against the floor of the cell. Considerable drying of the remains has 
taken place. 

F.—End view of scale of Huropean foulbrood larva which had reached be- 
fore death the age at which the endwise position in the cell is assumed. 

G.—Ventral view of European foulbrood larva. Stage similar to D. Turgid- 
ity is lost to a large extent and the segmented markings are less distinct than 
in healthy larve. 

H.—Larva which has been dead of European foulbrood for a longer period 
than illustrated in G. The ridge and furrows indicating the segments of the 
body are not marked. 

I.—Seale of European foulbrood similar to F. The larva before death had 
reached the endwise position in the cell. ‘These scales resemble very much 
those of American foulbrood. They are more easily removed, however, do 
not adhere so closely to the floor of the cell, and are more rubberlike in con- 
sistency, breaking less readily than those of American foulbrood. 
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PLATE VI 


A view of the experimental apiary of 54 colonies in which the inoculation ex- 
periments made during the summer of 1915 were conducted. 


PrLatTEe VIL 

Photomicrographs illustrating the more commonly encountered bacteria 
in Huropean foulbrood. 

A.—Bacillus pluton: A smear from the stomach of a larva sick with Euro- 
pean foulbrood. Note the paired forms and short chains. These forms are 
numerous in a recent infection, suggesting the organism in the process of mul- 
tiplication. The lancet-shaped form is by far the predominant one in all later 
stages of the disease. X 1000. 

B.— Bacillus pluton: A smear from a larva quite recently infected. The 
multiplying paired forms are at this stage present almost exclusively. * 1000. 

C.—Bacterium eurydice: Stained preparation from a pure culture on the 
surface of agar. xX 1000. 

D.— Bacillus alvei: Stained preparation showing spores and spore forma- 
tion. X 800. : 

E.—Streptococcus apis: Stained preparation from a pure culture. X 800. 

F.— Bacillus alvei: The peculiar arrangement of the spores as sometimes 
seen. From a pure culture, the smear having been made by suspending the 
culture on the slide in normal salt solution. X 1000. 

G.— Bacillus orpheus: Stained preparation made from a pure culture only 
a few hours old. Grown on the surface of agar. X 1000. 

H.— Bacillus orpheus: Stained preparation showing spore formation. Note 
the stained portion along one side and about both ends of the spore. The 
stage is soon reached in a culture at incubator temperature. At room tempera- 
ture it remains in this stage for a considerable period. X 800. 

I.—Longisection of a young larva showing early infection in European 
foulbrood. The bacterial growth is seen as a narrow black area just within 
the peritrophic membrane on one side of the food mass. 

J.—Longisection of larva sick of European foulbrood, showing a later stage 
of infection than that present in I. The dark area in the food mass shows 
the bacterial growth. Note that the growth mass does not extend beyond 
the peritrophic membrane and that it does not extend uniformly along this 
membrane and throughout the food mass. 

Ix.—Transverse section of larva about the time of its death from European 
foulbrood infection. Note the bacterial mass along the peritrophic mem- 
brane and extending from the membrane into the food mass. As seen within 
the living larva this bacterial mass in the sick larva is practically white, but is 
more or less yellowish white when present with larval food material. 'The 
gelatinous-like envelope outside the peritrophic membrane and inside the stom- 
ach epithelium in healthy larve thins out as the disease advances. 


PLATE VIII 


The stomach contents of larve sick of European foulbrood removed from 
the organ. The anterior end of the larva is shown. Fairly early stage 
of infection (a) showing the white bacterial mass broken into fragments 
ag a result of the tension produced in removing the stomach contents from 
the organ. A somewhat later stage (b) in the course of the disease, show- 
ing the bacterial growth contained in the stomach fragmented, also the 
mucous or gelatinous envelope surrounding the petritrophic membrane. The 
stomach contents removed from a Huropean foulbrood larva (c) about the 
time of its death. The bacterial growth at this time is surrounded by very 
little other than the peritrophic membrane. When this membrane is ruptured 
the contents flow out as a thin yellowish-white mass. 
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INTRODUCTION. 


The close relationship between business success and efficient 
accounting is recognized by all who are familiar with commercial 
affairs. The accounting and business practices of marketing enter- 
prises located at country points present relatively difficult problems, 
because of three facts: First, these enterprises have grown rapidly; 
second, it is difficult to secure managers who are proficient in book- 
keeping; and, third, the volume of business of the individual organ- 
izations, in most cases, does not warrant the employment of a skilled 
bookkeeper. 

The general adoption aft a uniform system of accounting sufficiently 
elastic to meet the requirements of organizations operating under 
varied conditions is believed to be not only practicable, but essential, 

1This bulletin supersedes United States Department of Agriculture Bulletin 362: A System of ac- 


counts for Primary Grain Elevators, by John R. Humphrey, Assistant in Market Business Practice, and 
W. H. Kerr, Investigator in Market Business Practice. 
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if the highest degree of success is to be attained. Accordingly a 
system of accounting was devised by the Bureau of Markets for 
country elevators and published in 1915. This system has now 
been adopted by a large number of elevators located in ali of the 
grain-producing States. 

With the passage by Congress of the Grain Standards Act, and the 
consequent promulgation by the Secretary of Agriculture of official 
standards for grain, a revision of the former bulletin has become 
advisable. The present bulletin describes the Bureau of Markets 
system of accounting for country grain elevators, which has been 
developed in conformity with these standards. In this revision, 
several features suggested by the practical operation of the system 
during the last three and one-half years are incorporated. 


TYPES OF ELEVATOR ACCOUNTING SYSTEMS. 


No system of accounting in grain elevators has been generally 
accepted as standard. While the principle of double-entry book- 
keeping is correctly followed in a limited number of elevators, every 
variation in type is found, from patented systems to mere handbook 
entries kept in memorandum form for the benefit of the manager. 

All systems of bookkeeping now existing in elevators may be clas- 
sified under three headings: Complete double-entry systems kept 
in the elevator office; incomplete systems, consisting of reports and 
memoranda kept in the elevator office; and systems of reports pre- 
pared at the elevator and sent to some outside agency where the 
records of the company are kept. 

Although the third system may furnish definite information, the 
details of that information, as a rule, are not within easy reach of 
the men who are most interested in them. For this reason a complete 
double-entry system kept in the elevator office will be found most 
satisfactory. 

The benefits to be derived from a complete double-entry system 
of bookkeeping, so constructed that it can be adopted by all elevators, 
are: First, the possibility of determining, on short notice and with 
accuracy, each elevator’s financial condition; second, the advantage 
of having readily available statistical data relating to operating 
costs; third, the possibility of distributing and interchanging valuable 
statistics among elevators; and, fourth, the training of managers 
and bookkeepers so that they will obtain a cumulative knowledge 
of elevator accounting. 
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DESCRIPTION OF THE SYSTEM AND DIRECTIONS FOR ITS OPERATION. 
The complete system includes the following forms: 


Form No. 1. Cash Journal and Purchase and Sales Record.................--- 6 
Form No.2 Record of Storage Tickets Issued.................-+-2+--------- 4 
Form No. IRGCORd OM GTaiM UTCHASeCH. Merer wie, 3 neo! otc o's ofc) aie apr Sieiee.s ave 4 
Form No. Record of Grain Shipments and Sales............--.0-..---.--2- 5 
Form No. WVECORG OLN CORE. coll... Eee Se) Lue Dee boo 6 

- Form No. Record of Sales to Arrive.............-.--- pees’ eee Seeley, 6 
Form No. Patsonecorbed oer. $2)... . , Simei hier. Petia J eels pio/s oye apg bo taislieree 11 
Form No. Gramand Merchandise Reporteiass. fc). bn’ -jpnnckin ee else = 10 
Eee EAT AC OES EvCDOMb. «<< .-- - SEER ce nin cole ene deen ae a epee cee on = 11 
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Forms Nos. 1 to 6, inclusive, constituting the Journal, and Form No. 8 are uniform 
in size and punching and can be held in one loose-leaf binder. 

Form No. 7, the Patronage Ledger, is used only where patronage dividends are paid. 
It is bound in a separate binder. 

Form No. 9, the Manager’s Report, is used when the books are kept outside the eleva- 
tor office. 

Forms Nos. 9 to 14, inclusive, are recommended for presenting necessary information 
in convenient form. 

In addition to the forms recommended above, a ledger in the usual 

stock form is necessary. 


GRAIN RECEIVING AND SHIPPING RECORDS. 


Scale Ticket.—On the Scale Ticket (Form No. 11) is recorded the 
weight in gross, tare, and net pounds, and gross and net bushels 
of all grain taken into the elevator, as also dockage where dockage 
applies. To facilitate auditing, the number of the check or storage 
ticket, which is issued for the scale ticket, should be entered thereon 
when the transaction is completed. 

The practice of permitting the scale ticket to constitute the only 
record of grain received, this delaying the completion of the transac- 
tion often for many days, should be discouraged by directors of 
country elevators, because a scale ticket is not evidence of ownership 
of the grain nor of its having been received into the elevator. In 
fact, in some States, failure to issue a check or storage ticket on the 
date of delivery of the gram is made a misdemeanor, punishable by 
fine and imprisonment. 

Storage Ticket.—At the close of each day storage tickets (Form 
No. 12) should be made out for the unpurchased grain delivered that 
day. The ticket numbers and the gross, dockage, and net bushels 
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shown on the scale tickets, should be itemized in the space provided 
therefor on the storage ticket. 

Record of Storage Tickets Issued.—All Storage Tickets issued are 
recorded consecutively on the Record of Storage Tickets Issued 
(Form No. 2). On this form will be recorded the date, Storage 
Ticket number, and the dockage and net bushels. Provision is made 
for classifying the dockage by kind of grain and the net bushels by 
kind, class, and grade. When storage tickets are purchased, the 
number of the check issued therefor should be entered in the ‘‘Check 
number” column. 

During the season of heavy crop movement this form should be 
footed daily and the totals carried to the Grain Report (Form No. 8), 
opposite ‘‘Stored this period”’. 

On the storage, purchase, and shipping records (Forms Nos. 2, 3, 
and 4) only four class segregations are provided under wheat, while 
the official standards make six segregations. In sections of the 
country where common white wheat and white club wheat are grown, 
the class headings shown on the forms should be changed to conform 
with the classes dealt in. 

As it is believed no material advantage would be gamed by account- 
ing separately for the five possible classes of oats, no class segregations 
are provided. 

Grain Check,—Elevators storing grain should use one series of — 
grain checks for the purchase of cash grain and another series for the 
purchase of Storage Tickets (see Forms Nos. 10a and 10b, p. 44), 
as the two classes of purchases are segregated in the section of the 
journal devoted to gram purchases. (See Record of Grain Purchases, 
p. 48.) By the use of two series, both the record of stored grain 


_ purchases and the record of cash grain purchases will show an 


unbroken series of checks, thus facilitating the determination of out- 
standing checks and auditing the grain purchases. Payment should 
be made each day for all purchased grain delivered that day. An 
ordinary form of check often provided by the local bank should be 
used for disbursements other than for grain. 

Record of Graan  Purchases.—EHlevators which store grain will 
divide the section in the journal devoted to the Record of Grain 
Purchases (Form No. 3) into two divisions, Cash Grain Purchases 
and Stored Grain Purchases. ; 

All checks issued for grain purchased at time of delivery will be 
entered under Oash Grain Purchases, while checks issued for storage 
tickets will be entered under Stored Gram Purchases. In some eleva- 
tors where nearly all grain received is stored for a time, it has been 
the practice to make out storage tickets for all grain received, even 
though it be purchased on delivery. This practice is commendable 


BOOKKEEPING FOR GRAIN ELEVATORS. 5 


and can be carried out in this system. Where this procedure is 
followed, there will be no Cash Grain Purchases. 

On the Record of Grain Purchases will be entered the date, check 
number, price, amount of the check, storage deduction, if any, and 
the cost of the grain, as well as the gross, dockage, and net bushels. 
The cost of the grain is the amount of the check plus the storage 
charge. 

The net bushels are segregated into kind, class, and grade. All 
bushel columns should be totaled on dates to correspond with those 
on which the Record of Storage Tickets Issued is totaled, and the 
totals carried to the Grain Report opposite ‘‘Cash grain purchased 
this period”’ or opposite ‘‘Stored grain purchased this period.”’ 

The Amount, Storage, and Cost columns should be footed at the 
close ef each month and proved by checking the total of the Cost 
columns against the sum of the Amount and Storage columns. 

After the correctness of the monthly footings has been proved, 
they should be posted to the general ledger as follows: The totals 
of the various Cost columns, representing the total cost of the re- 
spective grains, should be entered on the debit side of the respective 
grain accounts. The total of the Amount column, representing the 
total of the grain checks for the month, should be carried to the 
credit of the Bank account. The totals of the Storage column, 
representing the income derived from storage collected during the 
month, should be posted to the credit of the Storage account. 

Record of Grain Shipments and Sales.—The Record of Grain Ship- 
ments and Sales (Form No. 4, p. 48) carries a record of all cars shipped 
and the net returns, terminal weights, and terminal grades of each 
shipment. The data to be entered in the columns headed Date, 
Shipped to, Car No. and imitial, Shipper’s grade, and Shipper’s 
weight are taken from the bill of lading at the time of shipment, while 
those for the remaining columns are taken from the account sales. 
The totals of the Proceeds columns for each kind of grain should be 
posted at the end of the month to the credit of the respective grain 
accounts in the general ledger. The items in the Net proceeds 
column should be posted individually to the debit of the grain com- 
mission accounts indicated in the column provided for the name of 
the name of the consignee. The totals of the bushels columns should 
be carried to the Grain Report opposite ‘Total shipped this period”’ 
on dates corresponding with those on which the Record of Storage 
Tickets Issued and the Record of Grain Purchases are totaled. 

In the use of this form it will be found that at the end of the month 
shipments may be standing out as grain in transit. At the beginning 
of the followmg month, it will be necessary to bring all such cars 
forward, making a note after the previous entry of the shipment, i. e. 
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Forwarded. By this method the danger of failmg to post to the 
proper commission account the returns on any car will be obviated. 


OTHER GRAIN RECORDS. 


A Record of Hedges (Form No. 5, p. 50) is essential to the proper 
hedging of grain and should be kept up to date. On this form col- 
umns have been provided in which to record all of the necessary 
information of hedging transactions. When a purchase or sale of 
more than 1,000 bushels is recorded, a sufficient number of lines 
should be left blank to provide space on the opposite side for its can- 
cellation in 1,000 bushel lots. The columns headed P. & S. accounts 
indicate purchase and sales accounts. All profits on hedges should be 
entered in the Credit column and losses in the Debit column, and both 
will be carried individually to the Cash Journal to the debit or eredit, 
as the case may be, of the commission account represented and to 
the grain account to which it applies. When the entry is made in 
the Cash Journal, the number of the page on which it is recorded 
will be entered under Folio m the Record of Hedges. A separate 
page will be assigned in this record to each kind of grain hedged. : 

Record of Sales to Arrwe.—aA considerable number of elevators 
selling grain ‘‘to arrive” have no form on which to record such trans- 
actions. Form No. 6, (p. 51) is a record of sales made and terms 
of sale. The record of each sale will require one line on the left hand 
side of this form, though a sufficient number of lines will be left blank 
following each entry to allow the recording on the right-hand side of 
the cars shipped to fill the contract. This form is purely a memo- 
randum form, but is important in keeping account of sales to arrive 
and deliveries made on such contracts. A separate page will be 
assigned to each kind of grain sold to arrive. 


CASH JOURNAL AND PURCHASE AND SALES RECORD. 


GENERAL CONSIDERATIONS. 


Entries for all other transactions not properly falling into any of 
the classes previously discussed will be made in the Cash Journal 
and Purchase and Sales Record (Form No. 1, p. 48), which will here- 
after be called the Cash Journal. 

The transactions properly to be entered in the Cash Journal may 
be classified as those with (1) merehandise purchases and sales, (2) 
local personal accounts, (3) cash receipts and disbursements, and (4) 
sundry or general items. Before discussing these topics attention is 
called to some of the fundamental considerations involved in the plan 
of the Cash Journal. 

It has been the usual practice to provide elevator systems with a 
cashbook, journal, and daybook under separate forms. In the 
system here described these books, together with a record of mer- 
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chandise purchases and local retail sales, have been combined into 
one form. 

This form differs from ordinary books of first entry in that both the 
debits and credits arising from transactions must of necessity be 
entered on it before it can be balanced. 

The fundamental principle of double-entry bookkeeping is here 
illustrated; in every transaction two or more accounts are always 
affected and in opposite ways, these opposite effects being designated 
in accounting as debit and credit. That is, if value has been received 
or given it is necessary not only to show what account received, or 
cost value, but it is also necessary to show what account produced or 
surrendered that value. The debit and credit effects will be equal. 
For example, when merchandise is sold, the -merchandise account 
obviously surrendered value, hence that account will be credited. 
In order to complete the entry, however, it is necessary to show what 
account or accounts have received an equivalent value, which in this 
case will be either the cash account or the accounts receivable ac- 
count, which must be debited. Similarly, when a note with accrued 
interest is paid, the Cash account surrenders value equivalent to the 
sum of the note and interest, hence a credit to the Cash account. 
Again it is necessary to show what account or accounts have received, 
or cost value. In this case the Notes payable and the Interest 
accounts are involved. They will be debited respectively with the 
face value of the note and with the interest paid. Every transaction 
must be analyzed in a similar manner and an entry made showing the 
effect of the transaction on all accounts involved. 

A column captioned Items is provided between the debit and the 
credit sides of the Cash Journal, in which are written the names 
of the ledger accounts to be debited or credited, and in each case an 
explanation of the transaction. Complete explanation must always 
be made in order that one unfamiliar with the transaction can under- 
stand it readily. The amount or amounts are then extended on 
the debit and credit sides under the proper headings. (See sample 
entries, p. 48.) 

The debit columns, to the left of the Items column, are captioned, 
Date, Folio, Cash, Bank deposits, General ledger, Accounts receiv- 
able, Hard coal (lbs., amount), Soft coal (bs., amount). 

The credit columns, to the right of the Items column, are: Check 
number, Folio, Bank withdrawals, General ledger, Accounts receiv- 
able, Sales ticket number, Hard coal (lbs., amount), Soft coal (bs., 
amount). s 

Blank columns are also provided on both sides to be used as de- 
sired. | 
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MERCHANDISE PURCHASES. 


Under the heading Merchandise purchases, on the debit side, are 
columns captioned: Hard coal, Soft coal, etc., with provision for 
entering both pounds and amounts. Purchases of merchandise of 
this character are entered in their proper columns and only the totals 
posted at the end of the month to the debit of their respective ac- 
counts in the general ledger. Expense items which contribute direct- 
ly to the cost of a particular lme of merchandise, as, for mstance, 
freight on a car of hard coal, or labor for unloading it, should be 
entered under Hard coal. Such items constitute a part of the cost 
of the merchandise delivered at the elevator and should. not be 
charged to expense. Where more lines of merchandise are carried 
than the number of columns provided, such purchases must be re- 
corded in the General ledger column and posted to the debit of their 
respective ledger accounts in detail. 

Each amount under Merchandise purchases will be balanced by 
an entry of a similar amount on the right hand page of the Cash 
Journal, either in the General ledger column, to the credit of the firm 
from which the purchase was made, or under Bank withdrawals, 
to the credit of the bank, depending upon whether the purchase was 
a time or cash transaction. 


_ LOCAL SALES OF MERCHANDISE AND GRAIN. 


Sales Ticket. eri sales of BREE ter spie will be recorded on Sales 
Tickets (Form No. 13, p. 46) at the time of sale. These tickets are 
put up in pads and may be carried by the employee, so that it will 
not be necessary to go to the office after each sale to make the proper 
record. At convenient times the information on the Sales Tickets 
will be entered in the Cash Journal. | 

The number of each Sales Ticket will be listed in the Sales ticket 
number colunm, and the merchandise, im pounds and amount, will 
be entered in the proper column under Local sales on the credit side 
of the Cash Journal, i. e., Hard coal, Soft coal, Flour, etc. 

Kach sale of penuh: thus entered on the credit side must be 
balanced by an entry on the debit side, either under Cash or Accounts 
receivable, depending upon whether the transaction is a cash or 
charge sale. 

Where the volume of the retail business is large, it is recommended 
that the Sales Tickets be recapitulated daily and an entry be made 
in the Cash Journal for the total of the sales. The debits to the 
Accounts Receivable Ledger will then be posted direct from the 
Sales Tickets. 

The merchandise sales columns will be totaled at the end of the 
month and the totals posted to the credit of the proper accounts in 
the General Ledger. 
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Elevators which handle a greater number of side lines than the 
number of sales columns provided on this form may obtain a dis- 
tribution sheet from the publishers, and the totals of this sheet will 
be entered each day in the Cash Journal. 


ACCOUNTS RECEIVABLE. 


A column captioned Accounts receivable, is provided on the debit 
side of the Cash Journal, in which are entered all debits to the personal 
accounts. At the end of the month the total of this column is posted 
to the debit of the Accounts receivable control account in the General 
Ledger, and the detail is posted to the debit of the personal accounts 
in the Accounts Receivable Ledger. In the Accounts receivable 
column on the credit side will be entered collections on local accounts. 
These items will be posted in detail to the credit.of accounts in the 
Account Receivable Ledger, and the total of the column for the month 

‘will be posted to the credit of the Accounts receivable control account 


in the General Ledger. 
CASH. 


Cash Receipis——In order to account properly for all currency re- 
ceived, the use of the Cash Receipt (Form No. 14, p. 47) is advised. 
These receipts may be filed conveniently until such time as they can 
be entered in the Cash Journal, which should be at least once each 
day. 

In order that an accurate check may be maintained on the amount 
of money received, and an identical amount may be deposited each 
day, all cash receipts of whatever nature, as well as drafts drawn 
on commission companies, will be entered in the Cash column. The 
source of each item of. cash thus received will be indicated by an 
entry of a similar amount, or several amounts aggregating this 
total, in the proper columns on the right-hand page. The entries 
in the Cash column are totaled before each deposit. All cash must 
be deposited before the books are posted at the end of the month. 

Bank deposiis.—In order that. the deposits shown in the bank 
pass book may be verified readily, the actual amount of each deposit 
is entered in the Bank deposit column, the Cash column being ruled 
beneath the last item included in the deposit. The total of this 
column for the month is posted to the debit of the Bank account 
in the General Ledger. 

Bank withdrawals.—The number of each check issued should be 
entered in the Check number column, and the amount in the Bank 
withdrawals column. The total of this column for the month will 
be posted to the credit of the Bank account in the General Ledger. 

Each item of bank withdrawals will be balanced by an entry on 
the debit side of the Cash Journal either under Merchandise purchases 

134432° 19-2 
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or under General ledger, depending upon whether the disbursement 
was for a cash purchase of merchandise, payment of a note, an open 
account, or an expense item. 

General ledger—The General ledger columns are for entries of 
all items to be posted to accounts which appear in the General Ledger 
and for which no special columns are provided. The left-hand 
column accommodates the debits and the right-hand column the 
credits. Postings from these columns will be made in detail. 

It will be noted that only the items which appear in the General 
ledger and Accounts receivable columns are posted in detail, all 
other columns, both debit and credit, being posted in total only. 


REPORTS—GRAIN, MERCHANDISE, AND MANAGER’S. 


The Grain Report (Form No. 8, p. 52) is designed to keep the ~ 
manager and directorate in close touch with the condition of the 
erain stock and the hedges at the end of any month, or, in fact, at 
any time at which the entries on the various grain forms are footed. 
_ On this report items 1, 6, and 11 are taken from the previous 
report, being the amounts shown thereon as Storage outstanding 
to-day, Total purchased to date, and Total sales to date. Items 
2, 4, 7, 8, 12, and 13 are the footings, for the period, of the Record 
of Storage Tickets Issued, Record of Stored Graim Purchased, Record 
of Cash Grain Purchased, Record of Shipments and Sales, and the 
local sales of grain entered in ‘the Cash Journal, respectively. Item | 
19, Undelivered sales, is the undelivered ‘‘sales to arrive’ as shown 
by the Record of Sales to Arrive. Item 22, Proprietorship grain, 
is any grain on hand that has been purchased but not sold, plus 
any undelivered grain on growers’ contracts. This item always 
represents the amount of grain to be hedged. Items 24 and 25 are 
taken from the Record of Hedges. By a comparison of item 24 
with item 22, or item 25 with item 23, the manager and directors — 
can tell at once whether the open option deals are legitimate hedging 
transactions. In case the elevator is fully protected, the amount 
of uncanceled futures sold should equal the proprietorship grain, 
and the uncanceled futures bought should equal the amount over- 
sold, or the excess of sales over purchases. Owing to the fluctuations 
in the spread between contract grades and the lower grades, it is 
usually inadvisable to hedge the latter. 

Item 26, Balance long, indicates the amount of unprotected grain 
and is ascertained by deducting item 24 from item 22 or item 23 
from item 25. Item 27, Balance short, indicates illegitimate holdings 
of options and is ascertained by deducting item 22 from item 24 
or item 25 from item 23. 

In this report all grain in transit is considered as grain on hand. 
Therefore in determining the amount of insurable grain in the house, © 
the grain in transit should be deducted from item 15, Grain in elevator: 
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This report is an essential part of the system; in that it furnishes 
the information necessary to the opportune selling, hedging, and 
insuring of grain. 

The Merchandise Report (reverse side of Form No. 8) is a stock 
record, showing the total on hand at the time of the last inventory, 
the purchases, the sales, and the quantity on hand. This amount 
should agree very nearly with the physical inventory. By means 
of this report any shortage in stock will be discovered and the reasons 
therefor determined before serious loss results. 

Manager's Report.—Where the business is not sufficient to warrant 
the hiring of a bookkeeper, or where the manager is unable to keep 
the books, it has been found convenient to secure the part-time 
services of a bookkeeper employed in_some other enterprise. For 
such elevators a Manager’s Report (Form No. 9, p. 53) is provided. 
This report may also be used by companies which operate several 
houses from a central office. 

All Storage Tickets, Cash Grain Checks, and Stored Grain Checks 
are listed in detail in the spaces provided on this form. All checks 
other than grain checks are itemized in the lower left-hand corner. 
All drafts drawn on commission firms, together with checks received 
from commission firms, are itemized under Drafts drawn and checks 
received. Under this heading are recorded the name of the commis- 
sion firm to be credited, the car number, and the amount of the 
draft or check. 

Under Sales to Arrive should be entered all such sales, showing 
the company to whom the sale is made, the number of bushels, 
the kind and class of grain, the grade, price, and delivery date. 

In the space headed Consignment shipments and deliveries on 
contract are recorded all cars shipped. In the column headed Ap- 
plied on contract of will be entered the date of the contract in case 
the car is applied on a sale to arrive. Under Options memo are re- 
corded all purchases and sales of futures. In the column headed 
P. or S. should be entered Purchased or Sold as the case may be. 

Space is provided on the right-hand margin for a detailed explana- 
tion of all transactions not falling in any of the above classes. 


LEDGERS. 


Patronage Ledger (Form No. 7, p. 49), has been devised to provide a 
record of business done with each patron. This form will be used 
only by elevators operating under cooperative-organization laws which 
provide for the distribution of profits on a patronage basis. A page 
is assigned to each patron, and at convenient times during the year 
all Grain Checks and Sales Tickets will be recorded. This record 
facilitates the distribution of patronage dividends. 
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The General Ledger and Accounts Receivable Ledger.—Every trans- 
action is entered in the Journal... By means of special columns in this 
book certain items of frequent recurrence are segregated at the time the 
original entries are made. The Journal, however, does not provide 
a complete segregation, since its chief function is to serve as a chrono- 
logical record of transactions. It is therefore necessary to transcribe 
or ‘‘post”’ the Journal entries to the Ledger, where they are classified 
completely, all items of a similar nature being assembled in an ac- 
count. The Ledger is divided for convenience into two sections, 
which are designated as the General Ledger and the Accounts Re- 
ceivable Ledger. The latter contains only local personal accounts. 

In posting from the Journal, only those items that appear in the 
General ledger and the Accounts receivable columns of the Cash 
Journal, and in the Net proceeds column of the Record of Shipments 
and Sales are posted in detail. 

The monthly footings of all columns excepting those captioned 
General ledger in the Cash Journal, and Net proceeds in the Record 
of Grain Shipments and Sales are posted to the proper accounts in 
the General Ledger. The number of postings is thus greatly re- 
duced. 

CLASSIFICATION OF GENERAL LEDGER ACCOUNTS.. 

The following General Ledger accounts, with few exceptions, are 
believed to be adequate for any country elevator. It is obvious 
that all of the merchandise purchases and sales accounts will not be 
needed by every elevator, while on the other hand additional mer- 
chandise accounts will be needed by others. The operation of all 
accounts is shown in detail. 

The accounts hereafter described are so arranged that a monthly 
Income and Expense statement can be constructed with little work and 
without the necessity of closing the books. ) 

In opening the ledger accounts the sequence in which the accounts 
are given below should be adhered to, as this sequence will facilitate 
the making of income and expense statements and the posting. : 

The scheme of numbering the accounts used herein is recommended, 
as it allows the insertion of additional accounts without breaking the 
sequence. 

In the discussions of ledger accounts which follow, the term 
‘fiscal period”? means the financial or other operating period as dis- 
tinguished from the calendar periods. The term “at time of opening 
the books’”’ means the time of installing a new system of accounts. 


Account No, 
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BaLANce SHrer Accounts (Nos. A-I, Inctusrve). 
’ 


ASSETS. 


A. Current Assets: 


Al. 
A2. 
A3, 
A4, 
A5. 
A6, 


AZ. 


Cash on [and. 

Petty Cash. 

Cash in Bank. 

Notes Receivable. . 

Accounts Receivable Control. 

Accounts Receivable (Grain 
Commission Account). 

Grain and Merchandise In- 
ventory. 


B. Accrued Assets: 


Bl. 


B2. 


Accrued Interest—Notes Re- 
ceivable. 
Accrued Storagé. 


C. Fixed Assets: : 


Cl. 
C2. 
C3. 
C4. 


- 


Land. 

Buildings. 

Machinery and Equipment. 

Office Furniture and Equip- 
ment. 


D. Accounts Paid in Advance. 


1B ie 
D2. 


Prepaid Insurance. 
Printing and Stationery In- 
ventory. 


B. Other Assets. 


El. 


Account No. 


Railroad Claims. 


LIABILITIES, RESERVES, AND NET 


WORTH. 
Account No. 


I’. Current Liabilities: 
Fl. Notes Payable. 
F2. Accounts Payable. 
F3. Stock Dividend Payable. 
F4 Patronage Dividend Payable. 
F5. Storage Liability. 
F6. Notes Receivable Discounted. 
G. Accrued Liabilities: 
Gl. Accrued Interest—Notes Pay- 
able. 
G2. Accrued Salaries and Labor. 
G3. Accrued Rent and Taxes. 
H. Reserves: 
Hl. Depreciation—Buildings. _ 
H2. Depreciation—Machinery and 
Equipment. 
H3. Depreciation—Office Furni- 
ture and Equipment. 
H4. Doubtful Accounts.‘ 
H5. Sinking fund. 
I. Net Worth. 
Tl. Capital Stock. 
12. Surplus. 
13. Loss and Gain. 


IncoME AND Exrzense Accounts (Nos. J-N, Incuustve). 


INCOME ACCOUNTS. 


J. Grain Accounts: 


Aisle Wheat. 

FZ: Oats. 

J3.._-- Barley. 

J4.” Rye. 

Jo. Flax. 

J6. Corn. 

K. Merchandise Accounts: 

KS Bilour: 

K2. Feed: 

K3s Coal. 


L. Other Income Accounts. 


Ll. 
12. 
L3. 
14. 
Ld. 


Dockage Sales. 
Grinding. 

Cleaning. 

Storage. 

Discount Received. 


EXPENSE ACCOUNTS. 


Account No. 
M. Operating Expense: 
Ml. Salaries and Labor. 
M2. Heat, Light, and Power. 
M3. Repairs. 
‘M4.  Depreciation—Plant. 
M5. Leakage in Transit. 
M6. Shrinkage and Scale Loss. 
M7. Express, Freight, and Drayage. 
N. Administrative Expense: 
Nl. Telephone, Telegraph, and 
Postage. 
N2. Printing, Stationery, and 
Office Supplies. 
' N3. Interest. 
N4. Rent and Taxes. 
N5. Insurance. 
N6. Loss from Bad Accounts. 
N7. Miscellaneous 


14 


BULLETIN 811, U. S. DEPARTMENT OF AGRICULTURE. 


A. CURRENT ASSETS. 


Cash on Hand (A1). 


Debit: 

1. With the undeposited cash at the 
time of opening the books as shown 
by the Balance Sheet. 

2. At the beginning of the fiscal period 

with the undeposited receipts car- 
ried over from the previous fiscal 
period. 

At the end of the month with the 
undeposited receipts. 


co 


Credit: 

1. At the beginning of the month with 
an. amount sufficient to close the 
account. The amount credited 
will, of course, be identical with 
that debited at the close of the 
previous month. . 


Peity Cash (A2). 


Debit: 
1. With the*amount of the fund origi- 
nally created. 
2. With the amount of the increase in 
case the fund is increased. 


Credit: 
1. With the amounts transferred to the 
general fund when the petty ‘cash 
fund is decreased or discontinued. 


It will be noted that all cash receipts are deposited in the bank, each bank de- 
posit representing the exact amount of cash received since the previous deposit. 
Practically all elevators need some cash for the payment of small expense items and 
for making change. This need can be met most conveniently by the creation of a petty 
cash fund, which operates as follows: A check is drawn for the desired amount, say 
$20. This check is charged to the Petty Cash account in the ledger. All small ex- 
pense items paid from this fund are entered in a Petty Cash book, any small notebook ~ 
being used for this purpose. (See page 43.) When the fund needs replenishing, and 
always at the end of the month, these petty cash disbursements are recapitulated and a 
check is drawn for their total. An entry is then made in the Cash Journal, debiting 
the proper expense accounts and crediting the bank for the total paid out. 

By followig this system, the Petty Cash account always represents a resource of 
the original amount, unless changed, and all current receipts of cash can be deposited. 


Cash in Bank (A38). 


Debit: 

1. With the available balance of the 
cash in the bank as shown by the 
Balance Sheet at the time of open- 
ing the books. 

2. With the total monthly deposits 
as shown by the Bank Deposits 
column in the Cash Journal. This 
will include checks, currency, 
drafts on consignees, as well as the 
proceeds of notes discounted. 


Credit: 

' 1. With any overdraft as shown by the 
balance sheet at the time of open- 
ing the books. 

2. With the monthly totals of checks 
drawn as shown by the Bank 
Withdrawals column in the Cash 
Journal and the Amount columns 
in the Record of Grain Purchases. 
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Ttems of exchange and interest should be entered at the time the bank statement is 
received. Such charges and credits will be indicated by charge and credit memoranda 
submitted by the bank with the paid checks and should be entered in the bank 
columns, debiting Miscellaneous Expense with exchange charges and debiting or 
crediting Interest account with interest items. 


Notes Receivable (A4). 


. 


Debit: 
1. With the face value of the notes 
of others on hand as shown by the 
Balance Sheet at the time of open- 
ing the books. 

2. With the face value of new notes 
' taken in payment of any debt owed 

to the company. 


See Notes Receivable Discounted. 


Credit: 

1. With the amounts received in pay- 
ment of notes held. 

2. With the face value of notes receiv- 
able discounted when such notes 
are reported paid or are past due 
and no notice of default has been 
received from the bank. (Debit 
Notes Receivable Discounted.) 

3. With the face value of notes other- 
wise disposed of. 


Accounts Receivable Control (A5). 


Debit: 

1. With the total of accounts out- 
standing at the time of opening the 
books as shown by the ‘Balance 
Sheet. 

2. With the monthly totals of the charge 
sales as shown by the debit Ac- 
counts receivable column in the 
Cash Journal. 


Credit: 

1, With the monthly totals of collec- 
tions on account, as shown by the 
credit Accounts receivable column 
in the Cash Journal. 

2. With any other credits to customer’s 
accounts, including the writing off 
of uncollectible accounts. (See 
Reserve for Bad Debts.) 


The debit balance of this account must equal the total of the outstanding accounts 
as shown by the Accounts Receivable Ledger. 


* Accounts Receivable (Grain Commission Accounts) (A6). 
Debit: Credit: 
1. With the net proceeds as shown by 1. With the drafts drawn against ship- 
the account sales rendered for each ments. 


car sold. 

2. With the interest due the elevator 
on balances, where grain firms 
allow such a charge. (Credit Int- 

~ erest account. ) 


2. With the checks received in full or 
partial settlement of account. 

3. With the interest charged on 
balances due commission firms. 


Separate accounts should be opened with commission firms with which current busi- 
ness is transacted. Firms with which an irregular business is done may be assembled 
on one ledger page headed Miscellaneous Grain Firms. 


———<—_<_MKLL 
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Grain and Merchandise Inventory (A7). 


Debit: 
1. With the value of merchandise and 


Credit: 
1. With the amount necessary to close 


grain on hand as shown by the bal- 
ance sheet at the time of opening 
the books. 

2. With the value of grain and mer- 
chandise on hand and in transit at 
the end of the fiscal period. (Credit 
the various grain and merchandise 
accounts.) 


‘this account at the beginning of 
a new fiscal period. (Debit the 
various merchandise and grain 
accounts. ) 


This account is raised for the purpose of showing this asset on the books at the time of 
closing. It is closed into the various grain and merchandise accounts immediately 
upon reopening the books for the following fiscal period. 


B. ACCRUED ASSETS. 
Accrued Interest— Notes Receivable (B1). 


(To be used only by the larger companies. See also Interest account, No. N3.) 


Credit: 
_ 1. With interest received. 


Debit: 

1. With the accrued interest on Notes 
Receivable as shown by the bal- 
ance sheet at the time of opening 
the books. é 

1. With the interest accrued on Notes 
Receivable during the period. 
(Credit Interest account.) 


The balance of this account represents the accrued interest on notes receivable 
and should be shown as an asset on the Balance Sheet. 


Accrued Storage (B2). 


Debit: 

1. With the accrued storage as shown 
by the balance sheet at the time 
of opening the books. 

2, With the accrued storage at the close 
of the period. (Credit Storage 
account.) 


Credit: 

1, At the beginning of a new fiscal 
period with the amount previously 
debited to this account. (Debit 
Storage account.) 


This account is raised to show on the books, at the time of closing, the earning 
from storage which has not yet been collected but which is an earning of the period. 


. 
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C. FIXED ASSETS. 


Debit: 

1. With the cost of the land owned as 
shown by the Balance Sheet at 
the time of opening the books. 

2. With any subsequent purchases of 
land. 

3. With the cost of any permanent im- 
provement, such as sewers, water 
mains, etc. 


Land (C1), 


Credit: 
1. With the cost of any land sold. 


Tf any land is sold at a price in excess of its cost, such excess should be credited 


to surplus. 


Tn cases where a company installs a switch, the expenditure should be debited to 
an account appropriately captioned and its value depreciated annually in the same 


manner as the buildings. 


Buildings (C2). 


Debit: 

1. With the cost of the buildings as 
shown by the Balance Sheet at 

the time of opening the books. 

2. With the cost of all new construc- 
tions. 

3. With the cost of all additions or 
alterations when such cost in- 
creases the utility. 

4. With the cost of replacements. 


Credit: 

1. With the total cost of any buildings 
sold or destroyed. 

2. With the total cost of parts of build- 
ings destroyed or _ replaced. 
(Debit Reserve for Depreciation 
on Buildings.) - 


See discussion of extraordinary losses page 28. 
See also Reserve for Depreciation on Buildings. 


Machinery and Equipment (C3). 


Debit: 

1. With the original cost of the machin- 
ery and equipment as shown by 
the Balance Sheet at the time of 
opening the books. 

2. With the cost of subsequent pur- 
chases of machinery and equip- 
ment, including freight or express 
on same, installation, etc. 

3. With the cost of alterations and 


improvements increasing the 
efficiency of the capacity of the 
plant. 


Credit: 

1. With the cost value of machinery 
or equipment sold, discarded, or 
destroyed, at which time debit 
Cash account for the amount real- 
ized, if any, and debit Reserve 
for Depreciation on Machinery 
and Equipment for the difference 
between the cost value and the 
amount realized. — 


The balance of this account represents the cost of machinery and equipment in use, 
See discussion of extraordinary losses, page 28. 
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Office Furniture and Equipment (C4). 


Debit: 

1. With the original cost of office fur- 
niture and equipment as shown 
by the Balance Sheet at the time 
of opening the books. 

2. With the cost of additional equip- 
ment purchased, including trans- 
portation, installation, etc. 


Credit: 

1. With the cost of any item sold, 
discarded, or destroyed. (See 
‘credit under Machinery and 
Equipment.) 


See discussion of extraordinary losses, page 28. 


.D. ACCOUNTS PATD IN ADVANCE. 


Prepaid Insurance (D1). 


Debit: 

1. With the amount of unexpired 
insurance premiums at the time 
of opening the books as shown by 
the Balance Sheet. ’ 

2. With insurance premiums paid. 
(Credit Bank account.) 


Credit: 
1. At the close of a fiscal period with 
the insurance premiums expired 


during the period. (Debit In- 


surance Expense.) 
2. With refunds on canceled policies. 


The debit balance of this account is an asset and should be shown on the Balance 


Sheet. a 


Printing and Stationery—Inventory (D2). 


Debit: 

1. With the value of unused printing 
and stationery on hand at the 
time of opening the books as 
shown by the Balance Sheet. 

2. With purchases of printing and 
stationery. 


Credit: 
-1, At the end of the period with the 
amount consumed or discarded 
during the’period. (Debit Print- 


ing, Stationery, and Office Sup- . 


plies Expense.) 


The balance of this account is an asset and should be shown on the Balance Sheet. 


. E, OTHER ASSETS. 


Railroad Claims (E1). 


Debit: 

1. With the valid claims at the time 
of opening the books as shown by 
the Balance Sheet. 

2. With claims entered against trans- 
portation companies for loss due 
to leakage in transit. (Credit 
the Grain or Merchandise account 
concerned.) 


Credit: 
1. With amounts collected on account 
of claims entered. (Debit Cash.) 
2. With the net loss due to leakage in 
transit. (Debit Leakage in Tran- 
sit account.) 


Fins} : = 
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In a large number of the instances where loss of grain results from leakage in transit. 
the elevator company has a legimate claim against the transportation company. 
When a claim for such a loss is made, an entry should be passed crediting the grain 
account affected and debiting the Railroad Claims account. When cash is received 
in full or partial settlement of the claim, the Cash account will he debited and the 
Railroad Claims account credited with the amount collected. Any uncollectible 
claims will be debited to the Leakage in Transit account and credited to the Rail- 
road Claims account. At the end of the year unsettled claims, on which it is believed 
recovery will be made, will be inventoried and carried to the following year. 

Since claims carried over from one year to the next may prove to be worthless, it 
is suggested that a reserve account be set up to cover such possible losses rather than 
to carry the claims over from one year to the next as an absolute asset. Where an 
account, Reserve for Loss on Realization of Railroad Claims, is set up, it would be 
debited with losses on any claims carried over from one year to the next. Such a 
reserve would be created in the same manner as described under Loss from Bad Debts. 


F. CURRENT LIABILITIES. 


Notes Payable (F1). 


Debit: Credit: 
1. With amounts paid on outstanding 1. With the balance of outstanding 
notes. notes at the time of opening the 
2. With the unpaid portion of old notes books as shown by the balance 
canceled by renewal. sheet. 


2. With all new notes issued, including 
renewals of old notes. 


Accounts Payable (F2). 


Debit: Credit: 
1. With payments on account. 1. With amounts due creditors on open 
2. With purchased goods returned for accounts at the time of opening 
credit. the books as shown by the balance 
3. With allowances and refunds on sheet. 
purchases. 2. With the invoice value of, merchan- 


dise purchased on credit. 


Separate accounts should be opened for firms with which a credit business is 
conducted currently. Miscellaneous accounts payable may be handled in one 
account under the caption Miscellaneous Accounts Payable. 


Stock Dividend (I'3). 


Debit: Credit: 
1. With the amount of the dividend 1. With the dividend declaration when 
when it is paid. A such dividend is expressed as a 
percentage of the capital stock. 
(Debit Surplus.) 


Dividends should be numbered and so earmarked in the items column of the ledger 
page. 
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Patronage Dividend (F4). 


Debit: 
1. With the amount of the dividend 
when it is paid. 


Credit: : 

1. With the dividend declaration when 
such dividend is based on the 
amount of business transacted. 
(Debit Surplus.) 


Storage Liability (F5). 


Debit: 

1. At the beginning of a fiscal period 
the storage liability at the close of 
the previous fiscal period. (Credit 
Loss and Gain.) 


Credit: 

1. With the market value of stored 
erain as shown by the balance 
sheet at the time of opening the 
books. 

2. With the inventory value of stored 
grain at the end of a fiscal period. 
(Debit Loss and Gain.) 


In calculating the liability arising from storage tickets outstanding at the end of - 


the year, the same price must be used as is used in computing the value of the inven- 


tory of grain on hand and in transit. 


Notes Receivable Discounted (F6). 


Debit: : 

1. With the face value of notes receiv- 
able discounted which have been 
reported by the bank as having 
been paid by the signers. (The 
Notes Receivable account is cred- 
ited at this time.) 

2. With any discounted note redeemed 
by the business. (In this case the 
Notes Receivable account is not 
affected as the note is still owned 
by the company.) 


Credit: 

1. With the face value of any notes re- 
ceivable discounted held by the 
bank as shown by the balance 
sheet at the time of opening the 
books. 

2. With the face value of all notes sub- 
sequently discounted. (Debit In- 
terest account with the amount of 
the discount and Cash account 
with the proceeds. ) 


Notes received by the company, especially those received in payment for shares 
of stock, are frequently discounted at the bank. Such discounted notes represent a 
contingent liability, for if the makers refuse or are unable to pay, the company dis- 
counting them is liable to the bank for their payment. The credit balance of this 
account indicates the extent of this contingent liability. When all such notes are 
paid, the contingent lability will disappear from the books. Shares of stock for 
which notes are taken should be held as collateral to-secure the payment of the notes. 
In case the note is past due and no notice of payment has been received, it may 
usually be taken for granted that the note has been paid. 


+} 
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G. ACCRUED LIABILITIES. 


Accrued Interest— Notes Payable (G1). 


(To be used only by the larger companies. See also Interest Account No. N-3.) 


Debit: Credit: 

1. With interest payments. 1. With the accrued interest on notes 
payable at the time of opening the 
books as shown by the balance 
sheet. 

2. With the interest accrued during the 
period on notes payable. (Debit 
Interest account.) 


The balance of this account is the accrued interest on notes payable and should 
be shown as a liability on the balance sheet. 


Accrued Salaries and Labor (G2). 


Debit: Credit: 
1. With the credit balance at the be- 1. With the amount of unpaid labor at 
ginning of the fiscal period. (Credit the time of opening the books as 
corresponding expense account.) shown by the balance sheet. 


2. With the amount of unpaid labor at 
the end of the fiscal period. (Debit 
corresponding expense account. ) 


————— 


Ir order that the Ledger may show the true conditions of the business at the end 
of the fiscal period, it is necessary that an account or accounts be opened which will 
exhibit the hability arising from items of expense which have accrued, but which 
have not yet become payable. Examples of such items are salaries and wages and 
taxes. These accruals necessarily constitute a portion of the costs of operation of the 
fiscal period just closed and therefore should be charged to the expenses for that 


period. 
Accrued Rent and Taxes (G3). 
Debit: | Credit: 
1. At the beginning of the fiscal period | 1. With the amount of accrued rent and 
with the credit balance. (Credit taxes at the time of opening the 
Rent and Taxes.) books as shown by the balance 


sheet. 

2. With the amount of accrued rent and 
taxes at the end of the fiscal pe- 
riod. (Debit corresponding Ex- 
pense account.) 
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H. RESERVES. 


Reserve for Depreciation—Buildings (H-1). 


Debit: 
1. With the cost value of entire build- 
ings or parts of buildings discarded 
or destroyed. (Credit Buildings.) 


| Credit: 


1. With the amount reserved at the 
time of opening the books as shown 
by the balance sheet. ~ 

2, At the end of the fiscal period with 
the estimated amount of depre- 
ciation. (Debit Depreciation on 
Plant.) 


Where an entire roof, floor, or other part of a building is renewed, the original cost 
of the renewed part should be charged to this account, and the cost of the renewal to 


the Buildings account. 
See Extraordinary Losses, page 28. 


Reserve for Depreciation— Machinery and Equipment (H-2). 


Debit: 

' 1. With the cost value of machinery or 
equipment destroyed or discarded. 
(Credit Machinery and Equip- 

ment.) 
2. With the difference between the cost 
value and amount realized from 
items sold. (Credit Machinery 

and Equipment.) 


Credit: 

1. With the amount reserved at the 
time of opening the books as shown 
by the balance sheet. 

2. With the estimated amount of depre- 
ciation at the end of the fiscal 
period. (Debit Depreciation on 
Plant.) 

5. With any amounts realized on sales 
of machinery and equipment ~ 
which have previously been 
charged to this account. 


Reserve for Depreciation—O fice Furniture and Equipment (H-8). 


Debit: 

1. With the cost value of items de- 
stroyed or discarded. (Credit 
Office Furniture and Equipment.) 

2. With the difference between cost 
and amount realized from items 
sold. (Credit Office Furniture and 
Equipment.) 


See Extraordinary Losses, page 28. 


Credit: 

1. With the amount reserved at the 
time of opening the books as shown 
by the balance sheet. 

2. With the estimated amount of depre- 
ciation at the close of the fiscal 
period. (Debit Depreciation on 
Plant.) 

3. With any amounts realized on sales 
of items which have previously 
been charged to this account. 
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Reserve for Doubtful Accounts (If-4). 


Debit: Credit: 

1. With the amount of outstanding 1. With the amount reserved at the 
accounts found to be uncollect- time of opening the books as shown 
ible. (Credit Accounts Receiy- by the balance sheet. 
able.) 2. With an amount estimated to cover 


the probable losses due to uncol- 
lectible accounts during the fiscal 
period. (Debit Loss from Bad 
Accounts. ) 


Any collections made on accounts which have previously been charged off as worth- 
less should be credited to this account. 


Reserve for Sinking Fund (H-5). 


Debit: Credit: : 
1. When funds are disbursed for the 1. With the amount reserved at the 
purpose for which the reserve has time of opening the books as shown 
been created. (Credit Surplus.) by the balance sheet. 


2. With the amount reserved during 
the fiscal period for any specific 
purpose. (Debit Surplus.) 


In some States, notably South Dakota, where the cooperative law is in operation, 
statutory regulations requires that an amount equal to a certain percentage of the 
capital invested be set aside each year in a sinking fund, so that the company will be 
in a position to retire its capital stock at the end of a given period. Companies opera- 
ting under such conditions should set up a reserve for sinking fund in accordance with 
the requirements of their State law. 

A sinking fund may be established for expansion purposes or to pay off mortgages 
at their maturity. Amounts so reserved should be deposited in a special account and 
not used, as working capital. 


I. NET WORTH. 


Capital Stock (£1). 


Debit: Credit: 
1. With the par value of shares of stock 1. With the par value of shares of stock 
retired. outstanding at the time of opening 
the books as shown by the balance 
sheet. 


2. With the par value of shares of stock 
issued subsequently. 


The balance of this account should represent the value at par of all outstanding 
shares of stock. In case shares are retired at a cost above or below par, the difference 
will be debited or credited, as the case may be, to Surplus.., 
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Surplus (£2). 


Debit: 

1. With the amount of dividends 
declared by the board of directors. 
(Credit Dividend account.) 

2. With any net loss at the end of a 
fiscal period as shown by a debit 
balance of the Loss and Gain 
account. (Credit Loss and Gain.) 

3. With amounts reserved for Sinking 
Fund. (Credit Reserve for Sink- 
ing und.) 

4, With adjustments decreasing the 
profits of a previous fiscal period.! 


Credit: 

1. With the amount of surplus at the 
time of opening the books as shown 
by the balance sheet. 

2. With the amount of net gain at the 
end of each fiscal period, as shown 
by a credit balance of the Loss 
and Gain account. (Debit Loss 
and Gain.) 

3. With amounts of sinking fund expen- 
ditures when such fund is dis- 
bursed. (Debit Reserve for Sink- 
ing Fund.) ei 

4, With adjustments increasing the 
profits of a previous period.} 


In case the liabilities and outstanding capital stock exceed the total assets at the 
time of opening the books, the entry to this account will be a debit and will indicate 
a deficit. The same will be true if, at any future time, this account has a debit balance. 


Loss and Gain (I-3). 


Debit: 
1. At the end of the fiscal year with 


any debit balances of income’ 


accounts (showing losses) and with 
the debit balances of the expense 
accounts.2 (At this time credit 
such accounts. ) 

2. With the storage liabllity at the end 
of the fiscal period. (Credit Stor- 
age Liability.) 


Credit: 

1. With the credit balances of all in- 

come accounts at the close of the 
fiscal period.2 (Debit Income 
Accounts. ) 

2. At the beginning of the fiscal period 
with the storage liability at the 
close of the previous fiscal period. 
(Debit Storage Liability.) 


At the end of the fiscal period, if the credits to this account exceed the debits, a 
net gain is shown; but if the debits exceed the credits, a net loss has resulted from the 


year’s operations. 
to Surplus account. 


This account will be closed by a debit or credit, as the case may be, _ 


1 Errors and omissions are often found which apply tea previous fiscal period. Adjustment of such 
items will be made through the Surplus account as indicated. 

2 See accounts under Income Accounts in the classifieation. 

3 See accounts under Expense Accounts in the classification. 
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J. GRAIN ACCOUNTS. 


Wheat (J1). 


Debit: 

1. With the inventory carried over 
from the previous fiscal period as 
shown in the Inventory account at 
the time of opening the books and 
at the beginning of each fiscal 
period. ~ 

2. With the total cost’ of purchases 
as showv by the Record of Grain 
‘Purchases at the end of each 
month. 

3. With the losses on hedging trans- 
actions. (Credit Commission ac- 
counts. ) 

4, With the credit balance at the end 
of the fiscal period. (Credit Loss 
and Gain.) 


Credit: 


1. With the total net proceeds from 
sales as shown by the Record of 
Grain Shipments and Sales, and 
the local sales column in the Cash 
Journal at the end of each month. 

2. With the profits made on hedging 
transactions. (Debit Commission 
accounts. ) 

3. With claims filed for losses due to 
leakage in transit. (Debit Rail- 
road Claims.) ; ° 

4, With the inventory of wheat on 
hand and in transit at the end of 
the fiscal period. (Debit Inven- 
tory account.) 

5. With any shortage due to shrinkage 
and scale loss at the end of the 
fiscal period. (Debit Shrinkage 
and Scale Loss.) 

6. With any debit balance at the end of 
the fiscal period. (Debit Loss 
and Gain.) 


Oats (J2). 
(See account No. J1.) 
Barley (J8). 
(See account No. Jl.) 
Rye (J4). 
(See account No. J1.) 
Flax (J5). 
(See account No. Jl.) 
Corn (J6). 
(See account No. J1.) 


K. MERCHANDISE ACCOUNTS. 


It will be found, where there are returned sales of merchandise, that it will be 


much mor? satisfactory to open separate accounts for purchases and sales. 


Returned 


sales will then be charged to the sales accounts, and returned purchases will be 


. credited to the purchase accounts. 


This procedure will greatly facilitate the work 


of preparing income tax returns and can be applied to the grain accounts with equal 


advantage. 
134432°—19—4 
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Flour (K1). 


Debit: 


1. With the inventory carried over 

from the previous fiscal period as 
Shown by the Inventory account, 
at the time of opening the books 
and at the beginning of each fiscal 
period. 

2. With the cost of goods purchased. 

3. With freight on purchased goods, 
extra labor for unloading, and 
other direct charges. 

4, With goods which have been record- 
ed as sold but which have subse- 
quently been returned. 

5. With the credit balance at the end 
of the fiscal period. (Credit Loss 


Credit: 


1. With the monthly sales as shown by 
the total of the flour sales column 
in the Cash Journal. 

2. With goods purchased and subse- 
quently returned for credit. (De- 
bit Accounts Payable.) 

3. With the value of the inventory on 
hand at the end of the fiscal 
period.” (Debit Inventory  ac- 
count. ) 

4, With any shortage in the physical 
inventory at the end of the fiscal 
period. (Debit Shrinkage and 
Scale Loss. ) 

5. With any debit balance at the end 


and Gain.) of the fiscal period. (Debit Loss 


and Gain.) 


A separate account should be opened for each kind of grain and principal line of 
merchandise handled. At the end of the fiscal period, by crediting these accounts 
with the inventories and shrinkage and scale loss, the gross profit or loss will be deter- 
mined. Where the total credits exceed the total debits, a gross profit is shown and the 
account is closed by balancing it and crediting Loss and Gain. Where a loss is shown 
by a net debit the reverse entry should be made. 


Feed (K2). 
(See account No. K1.) 
Coal (K8). 
(See account No. K1). 
L. OTHER INCOME ACCOUNTS. 


Dockage sales (L1). 


Credit: 
1. With the amounts received from 
sales of dockage. 


Debit: 
1. With the credit belance at the 
close of the fiscal period. (Oredit 
Loss and Gain.) 


Grinding (L2). 


Credit: 
1. With the amounts received for 
erinding. 


Debit: 
1. With the credit balance at the close 
of the fiscal period. (Credit Loss 
and Gain.) 
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Cleaning (L8). 


(See account No. L2.) 


Storage (L4). 


Debit: 

1. At the beginning of the fiscal period 

with the amount of accrued storage 

at the close of the previous period. 
(Credit accrued storage.) 

2. At the close of the period with the 

credit balance. (Credit Loss and 

Gain.) 


Credit: 

1. Monthly with the total of the storage 
column on the Record of Grain 
Purchases. 

2. At the close of the fiscal period 
with the accrued storage on out- 
standing storage tickets. 


Discount Received (L5). 


(See account No. L2.) 


Expense ACCOUNTS. 


M. OPERATING EXPENSE. 


Salaries and Labor (M1). 


Debit: 
1. With the amounts paid to employees. 
2. With the accrued labor at the close 
_ of the fiscal period. (Credit Ac- 
crued Salaries and Labor.) 


Credit: 


1. At the beginning of the fiscal period 
with the accrued salaries and labor 
at the close of the previous fiscal 
period. (Debit Accrued Salaries 
and Labor.) 

2. With the debit balance at the close 
of the fiscal period. (Debit Loss 
and Gain.) 


Heat, Light, and Power (M2). 


Debit: 
1. With invoices paid. 


Credit: 
1. With the debit balance at the close 
of the fiscal period. (Debit Loss 
and Gain.) 


Repairs (M3). 


‘Debit: 

1. With the cost of repairs and renewals 
which are necessary to maintain 
the efficiency of the plant but 
which do not add to its original 
value. 


Credit: 
1. With the debit balance at the close 
of the fiscal period. (Debit Loss 
and Gain.) 


This account takes care of such items as a broken window pane, a new plank in 
the approach, or a new cup. Where an entire piece of equipment is replaced, the 
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old piece should be charged to reserve for depreciation and the new one charged to 
Machinery and Equipment, Buildings, or Office Furniture and Equipment, as ex- 
plained under those accounts. 

Depreciation—Plant ( M4). 


Debit: - Credit: 
1. With the amounts reserved out of 1. With the debit balance at the close 
the profits of each fiscal period to of the fiscal period. (Debit Loss 
cover loss from wear, tear, and and Gain.) 


obsolescence of office furniture 
and equipment, machinery and 


equipment, and buildings. 
(Credit the corresponding reserve 
accounts. ) 


Extraordinary losses caused by lightning, fire, or explosion may exceed the amount 
reserved for depreciation. Only the portion of the reserve applicable to the damaged — 
property should be charged to the reserve account. The remaining portion of the 
loss should be debited to an account appropriately captioned, i. e., Fire Loss. This 
account must be charged off to Loss and Gain during the ensuing years. This 
method of apportioning the loss over a number of years is justifiable since the business 
of the current year was not responsible for the extraordinary loss. In case insurance 
is collected on account of a loss the amount should be credited to the proper reserve 
accounts. 

_Leakage in Transit (M5). 


Debit: | Credit: 
1. With uncollectible claims. (Credit 1. With the debit balance at the close 
Railroad Claims.) of the fiscal period. (Debit Loss 
and Gain.) 


This method of handling losses due to leakage in transit not only gives the proper 
grain account credit for the grain actually shipped, but it reveals the facts relative 
to a. source of loss which is often neglected entirely or given only minor consideration. 


Shrinkage and Scale Loss (M6). 


Debit: Credit: 


1. With any shortage in the physical 1. With any excess of the physical over 
inventories of grain and merchan- the book inventory. (Debit the 
dise at the end of the fiscal period. grain and merchandise accounts 
(Credit the grain and merchandise concerned.) 
accounts concerned.) 2. With the debit balance of the ac- 


count at the end of the fiscal 
period. (This is the net loss due 
to shrinkage and scale loss.) 
(Debit Loss and Gain.) 


The desirability of having the books show the facts relative to all sources of cost 
necessitates the opening of an account to which may be carried discrepancies between 
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the book inventories and the actual physical inventories of the various kinds of grain. 
and merchandise at the end of the year. Inasmuch as shrinkage. and scale loss is 
an expense to the elevator, it is desirable that the extent of such expense be definitely 
known. 

By following this procedure each grain and merchandise account will show the 
actual gross gain or loss arising from a full accounting of the total quantity of grain 
and merchandise received, and the Loss and Gain account will show all items entering 
into the cost of operating the enterprise. Inasmuch as both leakage in transit and 
shrinkage and scale loss are factors at least partially under managerial control, ‘changes 
in policy may result when the actual facts relative to these factors are deeoriained, 


Express, Freight, and Drayage (M7). 


Debit: Credit: 
1. With payments of bills rendered. 1. With the debit balance at the close 
of the fiscal period. (Debit Loss 
and Gain.) 


N. ADMINISTRATION EXPENSE. 
Telephone, Telegraph, and Postage (N1). 
(See account No. M2.) 

Printing, Stationery, and Office Supplies (N2). 


Debit: Credit: 
1. With purchases of minor supplies. 1. With the debit balance at the close 
2. At the close of the period with the of the fiscal period. (Debit Loss 
consumption during the period and Gain.) 


of printing and stationery. (Credit 
Printing and Stationery Inven- 


tory.) 
Interest (N3). 
(To be used only by larger companies.) 
Debit: Credit: 

1. With the interest accrued during 1. With the interest accrued during 
the period on notes payable. the period on notes receivable. 
(Credit Interest Accrued on Notes (Debit Accrued Interest on Notes 
Payable.) Receivable.) 

2. With discount on notes receivable 
discounted. 


This account is closed at the end of the fiscal period by a debit or credit, asthe case 
may be, to Lossand Gain. 
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In the smaller companies it is believed advisable to ignore accrued interest items. 
In such cases but one interest account would be raised in the ledger, which would be 


operated as follows: 


Interest. 


Debit:. 
1. With interest payments. 
2. With discount on notes receivable 
discounted. 


Credit: 
1. With interest received. 


Close the account at the end of the fiscal period by a debit or credit, as the case may 


be, to Loss and Gain. 


Rent and taxes (N4). 


Debit: 
1. With the payments made on ac- 
count of rent and taxes. 
2. With accrued rent and taxes at the 
close of the fiscal period. (Credit 
Accrued Rent and Taxes.) 


Credit: 

1. At the beginning of the fiscal period 
with the accrued rent and taxes 
at the close of the previous fiscal 
period. (Debit Accrued Rent and 
Taxes. ) 

2. With the debit balance at the end of 
the fiscal period. (Debit Loss and 
Gain.) : 


Insurance (5). 


Debit: 

1. At the close of the fiscal period 

with the insurance premiums ex- 

pired during the period. 
Prepaid Insurance.) 


(Credit 


Credit: 


1. With the debit balance at the close ~ 


of the fiscal period. 
and Gain.) 


(Debit Loss 


Loss from bad accounts (N6). 


Debit: 

1. With the amounts reserved out of the 
profits to cover the probable loss 
from bad debts. (Credit Reserve 
for Bad Debts.) 


Credit: y 
1. With the debit balance at the close 
of the fiscal period. (Debit Loss 

and Gain.) 


Miscellaneous (7). 


Debit: 
1. With expenses which are not charge- 
able to any of the foregoing ac- 
counts. 


Credit: ; 
1. With the debit balance at the close 
of the fiscal period. (Debit Loss 
and Gain.) 
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The individual needs and the peculiar conditions surrounding ele- 
-vators in different parts of the United States may require accounts 
in addition to those discussed herein. If this be the case accounts 
covering special requirements may be opened along the same general 
lines. 

THE TRIAL BALANCE. 

From the discussion of the Journal and the Ledger, it will be noted 
that all entries made in the Ledger originated in the Journal. Two 
points therefore must be kept constantly in mind, namely: (1) No 
entries are to be made direct to the Ledger, but must be posted 
from original entries in the Journal; (2) the equality of the debits 
and credits of each page of the various Journal forms must be proved 
before any figures are either carried forward or posted to the Ledger. 
It follows, then, that if the Journal pages are proved to be in balance 
and the entries are correctly posted, the Ledger also must balance, 
In order to prove whether or not the equality of the debits and credits 
has thus been maintained, a Trial Balance must be taken of the Ledger 
at the end of each month. A Trial Balance consists of a schedule 
of the open accounts in the General Ledger showing in one column 
the accumulated debits and in another column the accumulated 
credits of the respective accounts. The footings of the two columns 
must be equal. A stock form of Trial Balance book should be se- 
cured for the permanent preservation of the monthly Trial Balances. 

At the close of each fiscal period it is necessary to ‘‘close the books” 
and to prepare a Balance Sheet and an Income and Expense Statement 
in order to ascertain the results of the period’s operations and the finan- 
cial position of the company. 


CLOSING THE BOOKS. 


By the expression “closing the books” is meant the process of 
balancing all income and expense accounts by transferring their 
balances to the Loss and Gain account. After this has been done, 
the only open accounts to be found in the Ledger are the balance- 
sheet accounts which represent the assets and liabilities of the com- 
pany. 

Preparatory to closing the books, it will be necessary to make the 
following schedules: 


Grain on hand and in transit...........-. List by kind, class, grade, and price. 

Merchandise... .-.. alse tL, Set 1 ae List by kind, class, condition, and price. 

Storage tickets outstanding............... List by kind, class, grade, and price. 

Accrued storage on stored grain........... List by ticket number, date, bushels, and 
rate. 

Accrued interest on notes receivable.... List by name of drawer, date, time to run, 


interest rate, and amount of note. 
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Insurance premiums unexpired at the end 


ofthe period! >.c2e. tee eee Seer List by policy number, date, property 
covered, time, and amount of premium 
unexpired. 
Unused stationery and printing.......... List by quantity, kind, and value. 
Accrued salaries and wages............... List by name, time, and wage rate. 
Accrued rent and taxes.................. List by name, time, and rate. 
Accrued interest on notes payable........ List by name of payee, date, time to run, 


interest rate, amount of note. 


Great care must be exercised in inventorying grain and merchandise, 
and the liability for stored grain as the value of the income and ex- 
pense statement and the balance sheet depend upon the accuracy of 
the inventories. This work should always be conducted, or at least 
direetly supervised, by a competent committee of the board of 
directors. 


When the above schedules have been completed, and the extensions made and 
verified, the following Journal entries should be constructed: 


Debit. (1) Credit. 
000 Inventory account ~ 

’ Wheat account 000 

Oats account 000 

Barley account 000 

Rye account 000 

Flax account 000 

Corn account 000 


To plan the inventories on the books as an asset. (This is a neeessary step in clos- 
ing the various grain accounts.) 


Debit. (2) j Credits. 
000 : Inventory account 
Flour account 000 
Fuel account : 000 
: Coal account 000 
To place the inventories on the books as an asset. 
Debit. (3) Credit. 
000 Shrinkage and Scale Loss 
_ Wheat 000 
Oats 000 
Barley 000 
Rye 000 
Flax 000 
Corn 000 


To account for all the grain received into the elevator and to show this loss as an 
expense of operation. 


Debit. (4) Credit. 
000 Shrinkage and Scale Loss 
Flour 000 
Feed 000 


Coal 000 


a a 
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To account for all the merchandise purchased and to show this loss as an expense 
of operation. 


Debit. (5) Credit. 
000 Loss and Gain 
Storage Liability 000 


To set up on the books the liability arising from outstanding storage tickets and 
to reflect its result in the net income. 
Debit. (6) Credit. 
000 Insurance Expense 
Prepaid Insurance 000 
To place in the expense account the amount of insurance consumed during the 
period, and to reduce the asset of prepaid insurance to its actual amount. 


Debit. (7) Credit. 
000 Printing, Stationery, and Office Supplies 
Printing and Stationery Inventory 000 


To show the expense for this item and to reduce the asset account to the actual 
value of supplies on hand. 


Debit. (8) . Credit. 
000 Salaries and Wages 
Accrued Salaries and Wages 000 


To show the expense in the period in which it accrued and to set the amount up 
as a liability on the books. 


Debit. (9) Credit. 
000 Rent and Taxes 
Accrued Rent and Taxes 000 
(See entry No. 8.) 
Debit. (10) Credit. 


000 Interest 
: Accrued Interest on Notes Payable 000 
(See entry No. 8.) 


Debit. (11) Credit. 
000 Depreciation—Plant 
Reserve for Depreciation—Machin- 
ery 000 
Reserve for Depreciation—Build- 
ings i 000 
Reserve for Depreciation—Office 
Furniture and Equipment 000 


To show the expense arising from depreciation cn the books and to reserve an 
amount out of the year’s income to cover it. 


Debit. (12) Credit. 
000 Loss from Bad Accounts 
Reserve for Doubtiul Accounts 000. 


To reserve out of the income of the pericd an amount estimated to cover the loss 
which will accrue from credits extending during the period. 


Debit. (13) Credit. 
000 Accrued Interest on Notes Receivable 
Interest 000 
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To show the earning in the period in which it accrued, and to show the accrual on 
the books as an asset. 


Debit. (14) Credit. 
000 Accrued Storage 
Storage Account 000 


To show the asset on the books, and to place the earning from storage in the income 
for the fiscal period in which it accrued. 


Debit. (15) . Credit. 
000 Wheat account 
000 Oats account 
000 Barley account 
000 Rye account 
000 Flax account 
000 Corn account 
Loss and Gain : 000 


To close the grain accounts and to transfer the gross gain to the Loss and Gain 
account. 


Debit. (16) Credit. 
000 Flour ; 
000 Feed 
000 Coal 
Loss and Gain 000 
(See entry No. 15.) 
Debit. (17) Credit. 
009 Dockage Sales. 
000 ee Grinding. 
000: 3 Cleaning. 
000 Storage. 
000 : Discount Received. 
Loss and Gain 000 


To close the miscellaneous income accounts and to transfer their balances to the 
Loss and Gain account. : 


Debit. (18) Credit. 
000 Loss and Gain. 
; Salaries and Labor. ~ 000 
Heat, Light, and Power. 000 
Repairs. 000 
Depreciation—Plant. 000 
Leakage in Transit. 000 
Shrinkage and Scale Loss. 000 


Express, Freight, and Drayage. 000 
Telephone, Telegraph and 


Postage. 000 
Printing, Stationery, and Office 

- Supplies. 000 

Interest. 000 

Rent and Taxes. 000 

Insurance. 000 

Loss from Bad Accounts. | 000 

Miscellaneous. 000 


To close the expense accounts into Loss and Gain. 
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The above Journal entries when posted to the Ledger will balance 
all Income and Expense accounts and leave only the Asset and Lia- 
bility accounts open. At this point all the balanced accounts should 
be ruled with a double red line beneath the footings. 

The credit balance of the Loss and Gain account represents the 
net profit for the year. 

A Trial Balance should now be tea to prove that the equality of 
the debits and credits of the Ledger accounts has been maintained, 
after which we are ready to prowed with the Balance Sheet ond 
Income and Expense Statements. 

In compiling the Balance Sheet it is necessary only to refer to the 
Ledger accounts and draw off the balances shown in the Asset and 
Liability accounts, entering them as indicated on the form of Balance 
Sheet provided herewith. The purpose of the Balance Sheet is to 
set forth the financial position of the company at a given time. 

It will be noted that while the reserves for depreciation and bad 
accounts are shown on the Ledger as a liability they appear on the 
Balance Sheet as a deduction from the assets. 


~ BALANCE SHEET. 


The investigations made by the Bureau of Markets have disclosed 
the fact that many country elevators have never made either an 
Income and Expense Statement ora Balance Sheet. The formof Bal- 
ance Sheet which follows conforms with that suggested by the Federal 
Reserve Board and is recommended as a simple yet comprehensive 
exhibit of the financial position of the company. 
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BALANCE SHEET. 


ASSETS. LIABILITIES. 
Cash: Unsecured Notes Pay- 
Cash on hand... ....———— able: 
Cash in bank........ ———— Notes given for mer- 


Notes and Accounts Re- 
ceivable: 
Customers’ notes on 
hand (not past due) 
Customers’ notes dis- 
COMMU ape 
Customers’ accounts 


(not past due)-...-- ————— 


Grain commission ac- 


rENTVED bx ees ee eee a ——— 
Customers’ accounts 
(D2stdile) a= eee —_———_—_ - 
Totallaesaeecee 
Less— 


Reserve for bad debts. 


Inventories: 
Wheat, bu., at.—— 
Oats, bu., at. ..—— 
Barley, bu., at.-——— 
- Rye, bu., at. ..—— 


Plax. boat. : 
‘Corin, [oi aihs 2 


Securities: 
Notes given by officers 
or employees....... 


(Bonds eee eee —_— 


Accounts due from of- 
ficers or employees. 


Accrued Assets: 
Accrued interest on 
notes receivable. .. 
Accrued storage... .. 


Total current as- 


chandise.....-. ==. 
Notes given bank....- 
Notes given commis- 


Notes given officers or 
employees....-..-- 


Unsecured Accounts 
Payable: 

Accounts payable for 

purchases (not yet 


Mie) S33 ei eh ee ——— 
Accounts payable for 

purchases (past 

die) cbse. eee ae ee ——— 


Accounts payable to 
officers or employ- 
COS on Fok ne eee 


Stock dividend de- 


Surplus and undivided 


profits: ! 2st eee ——— 


Secured Liabilities: 
Notes receivable dis- 
counted seas ae 


Storage lability . ....—— 


Accrued Liabilities: 
Accrued interest on 
notes payable. -..- 
Accrued salaries and 


Accrued rent and 
taxes: 2S eRe 


Total current liabilities ..—— —c—— 
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Fixed Assets: | Fixed Liabilities: 
1G i Sf a ———— Notes secured by 
Piauldimgs ss .2\. 2.8 —_—_—— MOTtCASeS: .. 0-2. = a 
Machinery and equip- Reserves: 
11? Chl a —_—— 7 Reserve for sinking 
Office furniture and 1 01 0 [pp arse ee 
equipment.........-———— 
NET WORTH. 
Less— Capital stock os... .%. 
Reserves for depre- Surplus and undivided 
GIAMONe =. se 385 = oo ROMUUS Sisiaccancve' oa = on oc 
Total fixed as- Wessidelicit'... .... 22% 
FCS aaa SROs Oia 
Accounts paid in ad- 
vance: 


Prepaid insurance... .- 
Printing and station- 
ery inventory. ..-- 


Other Assets: 
Railroad claims. . 
Less— 
Reserve for loss on 
railroad claims... 


Notaleassete-- 1.2 426225 ee Motalie= se. entre eae iar 
INCOME AND EXPENSE STATEMENT. 


The Income and Expense Statement is an itemized statement of the 
entries made to the Loss and Gain account, arranged in such a way 
as to set forth clearly the results. of the operations of the periods 
involved. 

The following form of Income and Expense Statement will be found 
convenient for exhibiting the operations of the elevator for either a 
monthly or a yearly period. Wherever possible a monthly state- 
ment of income and expense is advised. 

In the past no standard form of Income and Expense Statement has 
been used; therefore, this form should fill a very definite need. By 
its use not only the stockholders and directors may follow the details 
of the business, but a ready comparison may be made between the 
costs of operation of various elevators. 

In preparing this statement the amounts shown as sales and pur- 
chases should be net figures. That is, merchandise returned by the 
buyer should be deducted from the total sales, and merchandise 
returned by the company to the concern from whom it was pur- 
chased should be deducted from the total purchases. Profit on 
hedges should be added to sales and loess on hedges should be added 
to purchases in the respective grain accounts. 
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Leakage in transit (claims)...-.-- | 


Inventory, end of period 


Total shipped and on hand..... 


Add: Shortage (shrinkage and || 
scale loss) | 


Total accounted for 


Inventory, beginning of period... 
PT Chasessaseer ae = bs mE recarey ig ll 


Stored grain sold(storage liability) 
Total to account for.....--.-.- 


Gross gain (or loss) on wheat 
(A statement similar to theabove 
will be necessary for each kind 
of grain handled.) 


Gross gain (or loss) on grain.... 


Inventory, beginning of period... 


ELC HASSS tsans RRA. cee eee vee | 


Total to account for....-.----- 


Gross gain (or loss) on feed... . 
(A statement similar to the above 
will be necessary for each kind 
of merchandise.) 
Gross gain (or loss) on merchan- 
GLEGRE ronda Salad slg SC a seen 


Total gross gain (or loss)...... 


Operating expenses: 


Salaries and labor 


Amount. 


ee ee ee ie ed 


Loss. 


Gain. 
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Administrative expenses: 
Telephone, telegraph, and postage 


Printing, stationery, and office 
PDL OS petted a ecentet eta cs'ciaisin'afalriaie 5'=)e simiaiaie Fe eae 2 ei) |e CR eR IE 
Interest 


Insurance 


ISHUNCREKUN RAC ACCOTMUES S «. .Smrce c's sabe macaw s smernidt onan 
AUPIRACELILCOUIS Ra ete eek eRe i cd ycicew es operates | 


Total administrative expense 


BEA MIRC PICIES Ogata ars aie eee ia e e/a a aisinialn s/o ms oe nteeeee tte = miata stein = 


Net operating profit (or loss) 


Miscellaneous income: 


TOSS pT Se (C10 A a ep 


ROL ANE tprOlit) (OMLOSS) ce tscee cece pac S- «weit eae cee Sie Le 


OPENING ENTRIES. 


Upon completing the Income and Expense Statement, the books of the 
company should be reopened by the following journal entries: 


Debit. (1) 
000 Wheat account 
000 Oats account 
000 Barley account 
000 Rye account 
000 Flax account 
000 Corn account 
000 Flour account 
000 Feed account 
060 Coal account 


Inventory account 
To close the inventory account by transferring the inventories to the various mer- 


chandise accounts. 
Debit. 


000 


*(2) 
Accrued Rent and Taxes 
Rent and Taxes 


Credit. 


000 


Credit. 


000 


To close the liability account and to show the expense charged to the previous 


period as a credit to the period in which it is paid. 


Debit. (3) 
‘ 000 Accrued Salaries and Labor 
Salaries and Labor 
(See entry No. 2.) 
Debit. (4) 
000 Storage account 


Accrued storage 


Credit. 
000 
Credit. 


000 


To close the asset account and to charge the income account with the storage credited 


to income in the previous period. 
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‘COST ANALYSIS. 


The Cost Analysis (Form No. 15, p. 47) has been provided to 
show the unit cost of handling grain and merchandise. The method 
of preparing the statement is as follows: 

First, opposite Bushels of grain and value of coal and merchandise, 
should be entered in the column headed Grain the total bushels of 

grain handled; in the column headed Sales, coal, the total value of 
coal sales; and in the column headed Sales, other merchandise, the 
total value of such sales. Second, in the column headed Total, 
enter the totals of all expense accounts opposite the proper captions 
in the left-hand margin. Third, apportion the amounts, as judg- 
ment and the books indicate, over grain, coal, and merchandise. 
Some items will apply only to grain, while others may apply to all 
sales. Fourth, foot the columns entering the totals opposite Total 
- cost of operation. Fifth, ascertain the per cent of total cost of 
operation by dividing the total costs of operation for grain, coal 
sales, and sales of other merchandise, by the total cost of operating 
the business, and enter the quotients in the spaces provided oppo- 
site ‘Per cent of total cost of operation.’’ Sixth, ascertain the total 
unit cost of operation for grain by dividing the total cost of operation 
for grain by the total number of bushels handled. This will be 
expressed in terms of cents and mills. In finding the total unit cost 
of operation for coal and for other merchandise the same method 
will be followed, but the result will be expressed in terms of per- 
centage. 


BALANCING CASH WITH THE BANK. 


To prove the correctness of the cash entries for the month, the 
following method will be found simple and adequate: 

(1) Be sure that the Bank columns are correctly footed. 

(2) Determine whether the Bank deposits column agrees with the 
bank pass book as to individual deposits. 

(3) Sort the returned checks, arranging them consecutively by 
series. Compare the expense checks with the entries in the Bank 
withdrawals column of the Cash Journal and the grain checks with 
the entries in the Record of Grain Purchases, and ascertain which, if 
any, are missing. List the numbers and amounts of all outstanding 
(missing) checks for the next month’s reference. Outstanding checks 
may be listed either on an adding-machine tape or by writing them 
into the cash book. The sum of the bank balance as shown by the 
Ledger account, plus the total of the outstanding checks, should 
equal the balance as reported by the bank. No error, however small, 
should be ignored in comparing the balance of the bank account in 
the Ledger with the balance shown on the bank statement. 
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SUPPLY ACCOUNTS SETTLED WITH GRAIN. 


When a request is received from a patron to deduct the amount 
which he may owe the company for supplies from the amount due 
him for grain sold, two grain checks should be issued. The first 
check should contain the total number of bushels and kind of grain 
being purchased, together with the balance due the patron after 
deducting the amount of his account from the full value of the grain. 
A second check should then be made without reference to bushels of 
grain and marked ‘‘for account receivable,” in the full amount 
deducted from the previous check. This check is then indorsed by 
the patron and both checks are entered in the record of grain pur- 
chases, the first check going to the patron and the second being 
entered in the Cash Journal to the credit of the patron and deposited 
‘to the account of the elevator as cash received. By this means both 
sides of the transaction have been carried out through the only 
proper medium of settling accounts, which is cash. 


CONCLUSION. 


The foregoing pages describe the method of operating a system of 
erain elevator accounting devised to answer the requirements of grain 
elevators located at country points throughout the United States. 
The adoption of a uniform system of accounting should be of benefit 
both to the companies and to the men employed by them as managers, 
but the simple keeping of the records is not sufficient. To obtain 
benefits commensurable with the opportunities open in this field the 
manager and directors of the elevators possessing such an accounting 
system should make use of all the information which it is able to 
furnish. In order that the management of the elevator may be fully 


advised, not only as to the conditions of the business but as to the ° 


economic advantage of the present method of domg business, it is 
advisable that in every case careful attention should be paid to the 
erain and merchandise reports and to ascertaiming the cost of opera- 
tion by use of the Cost Analysis. If the information thus obtained 
is made available to the stockholders and other interested parties, and 
they are thus assured that the business of the elevator is bemg 
handled in a competent manner and that detailed information regard- 
ing it can be furnished at any time, it will tend to strengthen the 
financial position of the company with those who extend credit to 
elevators during the season of crop movements. 

For the convenience of those interested in the system described in 
this bulletin, and for those who desire to install the system, the 
Bureau of Markets has provided printer’s copy of the several forms 
for free distribution. A list of firms by whom the forms are pub- 
lished and carried in stock will be supplied on request. All elevators 
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installing this system of accounts may refer to this bureau any ques- 
tion regarding its installation or operation. 


SALES 
TSCABIS 


INCOME 
AND EXPENSE 
STAR TEAL 


The general plan of the operation of the system as described herein 
is set forth in the diagram on this page. The source and progression 
of entries through the books are indicated by arrows. 
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In some of the forms that follow, sample entries are inserted in italics. These 
entries do not represent actual transactions; they are given merely to show how 
the forms are to be used. 


The following is a convenient ruling for a petty cash book: 


Perry Casu Book. 


Date. Paid for— Account charged. Amount. Sea pl satay of 
July 1) Drayage......--- Freight and drayage. Ree a eee §3. 00 
BV RITESBATES or 2. - Lelephone and telegraph........-------- 1.50 
CM NG a Miscellaneous expensé.......--.------- 50 
EN OS Freight and drayage.........----------- 1.40 

One ULESSLGED oom wa 2's Telephone and telegraph.......---.----- . 50 es 

RECAPITULATION. 

RMU Le ODEN I ON OY OIE = wrals ahs =e callolai= mojn'e ain) <> mnlcimmiatyielelm = ois =~ a= $4. 60 
IES ANAT UTICA TCP ONCE Le CRC CCRORS CLISE MERE ROE Ace Cae one Beers - 50 

RELGAILOWE OMMLCLERTAD Vase ene as. man's snneeeeee ae. =e os 220 2.00 35 $7.00 
y 7. 00 

\ 


' “GOL ‘ON U0 Weyskg urery ‘soHTeyy Jo nvemng 


“yooyo Jo JUNou-y 


wenn eee |e ween een ef ee eee nee eee eee eee eee eee ete eee (Ria a os ae ea ee ee OC LIOISNOMUOTION DOG 
a (teste eee ee eee ee [eee eee ee ee ee ee ee teeter eee 088104S I0j MoYonpod 
SB aoe sre c|es ee eec ee s|ec ec eee nec e tees eee e ee eee eee eee ee eee estes fee ccc ninn St cdparsaaricoasaoodaacdncaar one [240.1 
Es 
-] 
Bram ey eos ree Aq 
is “O) MOLVATIQ Sua, 
c oot 
2 St Vis C[ peas eet Wines Reve ey Capa. ame See a lees SeahgiG pee of) SISOS Sco Se Se Soe Re ee SS 
GR Age tees teed apr a) rete Sana cl nein age coi fencanie “aie rca vee is ia) ateltel nvgde dae cant! ke chacs te os cle/siosela JO Lopas0 
ey oy} 0} Aeg 
A Bay Gi: eae the po pees ie eel Sera Carder psees “UU, “UCT 
Sli ‘“MNV@@ IVNOILVN LSU 
FA Sc oN ait weyie ige ear eas “ON : “MOHHO NIVGSD GHAOLS 
ei “VOL ‘ON WLIO, UWlosAg WreIy ‘SJoxrepy Jo neoing, 
A “yoy Jo JUNOULY 
iff = SO CRREC CECE BBE be |S IGRBD> cena Gas Hin ried dbs aS aoioaisac or Sa SOne io ec Abel: ncopcsiadh cia ouuGom ates Joy Toon po, 
faye an aeel a aaan aig [ocd A eee Bees ce nasi upne neces sees tte ROS R ras Sage ae aiseane Sop coe 4 ee oe Io} uoronpoct 
= Pec eee ee ee ages eee one [e401 
ie. 8) 
ee ani go See eee ig) ort eee he Ag 
cq “OD UOLVATIY sum : 
5 *SUVTIO pees 
legate eeotecirr eave MON eee eesti itary aig at ratte ei ons lal acces ae Ghai tein le he coma ie 
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U.S. Department of Agriculture. 
Bureau of Markets. 
Grain System Form No. 11. 


SCALE TICKET. 


LX rN ot a ee Mg aie eos cocdeec 


This ticket is not a storage ticket and is not negotiable. It must be exchanged on 
day of issue for a lawful storage ticket or cash check. 


RR IN Rc Poe ae Sawer = man) a a aR RIRIS cele sia/a odie ob oa nis 3.8 ad bin ainle atau eee 
CUS TES ao 2 eR (OY 25h ee Nee Oifeiers seas 
Pan EPMMRPIRN rst Sheena ofa cna S =, eats So led ots ae alee ere 
SRE es et ss ew oti ce oon ol Dockage pounds......-.-. 
ME eee Faaain ena se a njann boone ee eee aals a8 ee = Sank Sede tse cae , Agent. 
Exchanged for @teek Nos 8 es: OS UOREAUELCICOG: Guia a2) die hac. ilu barca 
x: pee 7 
Pounds. | Bushels. 
Gross. | Tare. | Net. GToss. Dockage. Net. 
| | 
Eee 
Bs wise sanscein's |nceecne ees ceeecea|nneeeceeseeeeeeee| sueeeeceneeescenes|eseeceseeeesseees|reeeeceneernenes 


46 BULLETIN 811, U. S. DEPARTMENT OF AGRICULTURE. 
NO?.2c2eSeee 
SALES TICKET. 

(Oj eee aN ene ae eA IEE DANG Ele Saree Ne nk a 
Ae Se ee ee RE CFRGE ERE SS sen 
ISKGIUGE Tights, 1 ap AIR eee Re ace cn eat ot IDE ye es Ss 

HARD COAL. 

| 

Gross arene see Oho i Rd Se ee | hs pane Bae 
ANG eas eran See Bk = ee en Saleen het Seer eae aee ce Howat | le 
ING bce ne SRE Ee hierniana ee aS ee aetie PE Sc 9 
Total handicoaliec 23. Sa5h5 ass see eee eee eee ee Eee eee eee | SS Sra 

SOFT COAL. 
GLOSSH eso eee SSE eriacermsaica seca sasueocs | Soa Ssceee | Saseeteioe 
MAT 2:2 ote = Stas oie a taste Sem am alsrelectes Bae eee esi sees Seana | eieaseie se 
IN Ghia e eaten: SO eee AO ON. cherie Gane to) caso boee |o2saceae 
Potal solteoalli.c2 29 <=/-:c/je sea se Ee ee ene ea eee | Sepa 


MISCELLANEOUS. 


Bureau of Markets, Grain System. 
Form No. 13. 
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U.S. Department of Agriculture. 
Bureau of Markets. 
Grain System Form No. 14. 
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INOh ieee = 
CASH RECEIPT TICKET. 
Fo pene SAA Toe Oe ee eee eae 
[evereri evel an) 40 one Geet ee oe eee ees LOE iene: saa Mee ay ar aly Pelt rae 
Amount. 


U.S. Department of Agriculture. 
Bureau of Markets. 
Grain System Form No. 15. 


Bushels of grain and value of coal and mer- 
CITSITOISG nee rarars nine els  cicfare mis scnionradidinciete eye 


YE REGIA OMeeenctastmctsclste scieicia) raisin ciaisiaictainicse H 
Shrinkage and scale loss.............--.---- 


Other losses and charges.............--...- i 


Total cost of operation. .......--....-. 
Per cent of total cost of operation... ......- 


Total unit cost of operation.......... 


| 
\ P Sales, other 
| Total. Grain Sales, coal. ih a 
| 2 merchandise. 
| H le 
| | | | 
Ieee iG. lt Nee Pe BO od ae ta oe 
| 
}Jesererosi(easeediiaeseesese= eeceere jseseseeeelieoeceecos [proce rese|swecaa 
| 
|lesescsce WaneoocWlsecdeans Laocesilesonencanepeos|Meoocscoolboocdc 
| | | 
sree tee || ae SR ae Ny ees | Seccei s (ean 
i | | | 
i geese 9 Gl Sa ae | eee ag gat 
} | 
Wi ccmoooslooeccilicecesoee Seeeee Seon ssein eased iosseeskclsccectc 
| | 
| | 
|Je wee e eee lee nen ell one ee een |------ JHEP TS FSS omega) loot sce cis icici 
I} | ; | | 
| | 
| | 

eemee eee Besse Hepp eeee Mepeee | aes AoE eee | Bremer Bane 
1} | 
Hi i 
(seek Sates Sie eae AE ee [ok Sete aan orem mre | SAC [Vege 

100 per cent }j..... per cent | ....-per cent | _....per cent 
pre nese sae .+.eper bu. | ...--per cent | ...--per cent 
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United States Department on culture, Bureau of Markets, 


‘orm No. 1. 


CASH JOURNAL AND PURCHASE AND SALES RECORD. 


Merchandise purchases. 


General ledger. 


Soft coal. 


Hard coal. 


Lbs. | Amount. 


Ttems. 


Local sales of merchandise and grain. 


Wheat. 


Amount, Lbs. | Amount. Lbs. 


Lbs. | Amount. Lbs. | Amount. 


on 


Dalrymple Grain Co. (toss on option) 


Cash account (undeposited cash end of 


previous period) ve 


Geo. Black—on account........-.-----. 


Cash sates to-day 


Petty Cash account—established (check 
in favor of Nicholson)... 


Illinois Coal Co. Car 68951.--....--.--. 


Freight on above car. 


Printing and stationery—Inventory (let- 
terheads from Bruno & Co.) 


George Johnson—advance.. 
Lipsey & Co.—draft on car 1001 


Deposit.....-. 


George Black—received on account... bes 


Cash sales to-day... 
Deposit... 
Notes Receivable 


John Doe (in payment of account)...... 


Prepaid Insurance (refund on cancele 


policy) eal 


Lipsey & Co. check—{balance on car 
400%) as 


terest). 
Wheat account. 


Footings forwarded..........---.....--- 
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/ 
TORAGE TICKETS ISSUED, 


United States Department of Agriculture, 
Buresn of Markets, 
Grain System Form No. 2A. 
RECORD OF STORAGE TICKETS ISSUED. 


Wheat. i 
a! be ; Ryo. Flax. ‘ = = = 
Date. Eine Chea Dock: Spring—Hard red. Winter—Hard red; soft red. Durom. Mixed. Oats, Barley. ae 
= hb b 
All wheat. rad = 
Grade 1 Grad = ; 
o2 Grade§ || Grade Grade 1 Grade2 || Grado3 || Grado— || Grade1 Grade2 |) Grade— || Grado1 Grado2 |) Grado3 || Grado— Root +h po ae ae 2 
. Grade — Grade — Grade— |} Grade G 
= mde— || Grade— || Grad 
= le— Gmde— Grade— Grade 
BeSeee a peed | Heed Reed EBeeeeee Bend | BEEBE Bed | REESeees Bee | Perec boo | eer 7 

EA 3) 0 Oe a | ec ae I Nes} |e ee Ve dl |baoccced| bood||bocasas cel bocccced 26 ended poososcd basa | pococes.| sooecced 224 [benesese Kecd boceceotl baad beccesd Hes 
ul & 


4 eillieaaat “i ny 
Tobscarried to Grain Re- | ee aloe al 1 fs 
Leal F [acd ol ste eer 2 7| 30} 900 | 00 })_- bard eeccer=df-oed| Eaaewe lel ela tae! 


port, Form g-A......... §} 40 950 | 00 50 | 00 |). 
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United States Department of Agriculture, 
Bureau of Markets, Grain System, Pot Nea. RECORD OF 
iy Wheat. 
Storagel! check Amount of Storage Spring—Hard red : Winter—Hard red, soft red. 
Date. toket No. Price. check. charge. Gross all Dockage HT _ 
‘0. wheat. all wheat. exon aanee Grado 3 Grp Grade 1 Grade 2 Grade 3 Grade— 


Total amount ._. 


*Total bushels. ... .| boos 


9,121 | 00 


RUSE DN COVED! becacacd baoeeced bap lbaaaaacel| G27) fpore|boeneead eres cad | bocciocod| baasateel heed baccscedl L 


134432°—19. 


(Face p. 48.) 


No. 8—1 


* To be carried to Grain report. ** Cost column to be debited to grain accounts at end of month. 


GRAIN PURCHASEs. 


Durum. Mixed. 1 | 


| 
Cosel Grade — Grade — Cost. 


] 1 T Tr 

Grade 1 || Grade 2 I Grade —— Grade 1 1 Grade 2 I Grade 3 Grade — 
| {| 

I 
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United States Department of Agriculture, 
Bureau of Markets, Grain System, Form No. 3-A.—Insert. 


RECORD OF 


Barley. 


Bushels. 


Net. 


Cost. 


Net. 


Cost. 


5,150 


134432°—19, 


(Face p. 48.) 


No, 3—3 


Mixed. 


Grade —— 


eee ieee eed en ed i eed ie 


GRAIN PURCHASES. 


White. Yellow. Mixed. 


Cost all corn. 


i I i | I l 
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United States Department of Agriculture, Pureau of Markets 
rain System, Form No. 4A. 


RECORD OF GRAIN 


Wheat. 
Date. Shipped to— Cae Bhp Be BE pers Datesold.|| Price. roi Folio. Spring, hard red. 
Gross, all wheat. ‘Dockage,all wheat, 
Grade 1. Grade 2. Grado 3. Grade —. 

11| 4 1,611 “I 10 soll. 1,450 | 00 

u|6i| « Dg No. 2 spring. 1,456 11 | 20 3,050 | 00 

| si) « « GNE73h.-...-.- No.3 spring. 1,213 11} 19 2} os |) 2,411 | 71 

i) 9 os cs NP 70654.-..-.. No.1 spring. 1,370 30 11 | 20 2|\18 2,811 | 59 

11 | 11 || Haukinson & Co. CG W 47931. 3 white 1,400 11 | 19 80 1,076 | 00 | 
i) i me ue NP 57948. 1,660 11 | 22 3 | 76 5, 480 | 00 

11 | 12 || Lipsey & Co. NP 87906. 1,480. 10 | 30 }}........ 92 1,308 | 50 

11 | 12 G u NW 75383. 1,680 11 | 25 |)... 85 1,378 | 00 i 


‘Total bushels (to be carried to Grain Report Form No -A.. 


‘Total amounts (proceeds to be posted to Credit of Grain Accounts). 
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SHIPMENTS AND SALES. 


Wheat. 


Winter—Hard red, soft red. Durum. | Mixed. 


Grade 1. Grade 2. Grade 3, || Grade — Grade 1. Grade 2. Grade — Grade 1. Grade 2. Grade 3. || Grade — 


134482°—19. (Face p. 48.) No. 4—2 


United States Department of Agriculture, Bureau of Markets 
Grain System, Form No. 4A—Insort. 


RECORD OF GRAIN 


Oats. Barley. Rye. Flax. ] 


Proceeds, } j ] r 7 
all wheat. 


Grade —— |} Grade — |} Proceeds. Bushels, Proceeds, Gross. Dockage. Net. Proceeds. Gross. Dockage. Net. 


8,273 | 50 | 7,768 | 36 6,510 | 60) 2... Ree | Sasa ha 


184432°—19. (Face p.48.) No. 4—3 


SHIPMENTS AND SALES. 


Flax. Corn. 


White. Yellow. Mixed. 
Pi 

Proceeds, roceeds, 

Grade — Grade — Grade — Grade — Grade —_ Grade — Grade —— Grade Grade Grade Grade Grade 
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THE CLOVER AND ALFALFA SEED CHALCIS-FLY.1 


By THEODORE D. URBAHNS, 
Entomological Assistant, Cereal and Forage Insect Investigations. 
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INTRODUCTION. 


The chalcis-fly Bruchophagus funebris How. belongs to a group or 
superfamily of Hymenoptera known as Chalcidoidea. The habits of 
this species differ considerably from the general habits common to 
most of the other members of this group. Many of the Chalcidoidea 
are parasitic Hymenoptera, feeding, in the larval stage, upon various 
forms of insect life. 2B. funebris, on the other hand, is strictly phyto- 
phagous, and feeds within the growing seeds of alfalfa and red 
clover. This insect has for many years been a pest of clover seed 
throughout the Middle Western States, and has become generally 
known as the clover-seed chalcis-fly. The increased production of 
alfalfa seed throughout the Western States was followed by the 
rapid development of this insect in nearly all of the alfalfa seed- 


1JIn the summer of 1912 the writer was detailed to make a study of the alfalfa-seed 
chalcis-fly (Bruchophagus funebris How.), and different phases of these investigations 
have been continued up to the present time, most of them being conducted in the seed 
districts of California, Arizona, and Utah. The author’s studies of the distribution of 
this insect and its parasites have been greatly assisted through the kindness of various 
members of the branch of Cereal and Forage Insect Investigations, and by Mr. Roland 
McKee, of the Office of Forage Crop Investigations, Bureau of Plant Industry. Special 
eredit is due Messrs. R. N. Wilson, C. N. Ainslie, V. L. Wildermuth, E. G. Kelly, T. H. 
Parks, and H. T. Osborn, who made many personal field observations in connection with 
the life-history studies of this insect. The writer is also greatly indebted to Mr. A. B. 
Gahan for his kindness in making determinations of several new parasites of B. funebris. 
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growing districts of the United States, so that at the present time it 
is the most destructive pest of alfalfa seed. The injury done is 
known to many farmers as “ blighted seed,” but this insect is now 


becoming more generally known ameng alfalfa-seed growers as the 
alfalfa-seed chalcis-fly. 


HISTORY AND SYNONYMY. 


This species was described by Dr. L. O. Howard? as Eurytoma 
funebris. It was for some years supposed to be a parasite of the 
clover-flower midge, Dasyneura laguwminicola Lintner. The original 
description is as follows: 


Male.—Length of body 1.7", expanse of wings 2.5™". Head slightly 
wider than thorax; antenne nearly as long as thorax; flagellum of antenne 
6-jointed (counting the club as 1 joint); joints very strongly incised from 
above, subequal in length except club and. first joint; each joint, except club, 
with two whorls of yellowish hair, each whorl as long as the joint. Top of 
head and thorax coarsely punctured, and covered with sparse and very short 
whitish hair. Subcostal vein yellowish and strong, reaches costa a little before 
the middle of the wing, and almost immediately gives off stigma; stigma with 
a small club and faint indication of a branch. Peduncle very strong and not 
long; abdomen very small, less than half the length of the thorax. General 
color black, eyes dark brown, knees, anterior tibie, all tarsi light brown. 

Female.—Length of body 1.9"™,-expanse of wings-2.7"™. Antenne shorter 
than in ¢ and joints much more closely united; no hairs; flagellum 7-jointed, 
the club larger in proportion than in the ¢. Abdomen longer than thorax, not 
pedunculated ; ovipositor slightly extruded, light brown in color. 


In 1894 Dr. W. H. Ashmead (2) referred this species to the genus 
Bruchophagus, supposing it to be a parasite of the seed weevils 
(Bruchidae). 

Dr. A. D. Hopkins reared specimens from heads of crimson clover 
in 1896, at first supposing them to be parasites of the clover-seed 
midge, since they had been referred to as such in early literature. 
But upon careful examination of the infested seeds he found that 
B. funebris was feeding on the seeds. Dr. Hopkins (8) wrote as fol- 
lows: 

Upon close examination to find their host insect, I was thoroughly surprised 
to find that it was not a parasite of an insect, but that it bred in the seed, and 


that scarcely a seed could be found in the bag that had not been a host of one 
_of the interesting little creatures. 


Dr. Hopkins (4) again mentions this insect: 


Additional evidence obtained from a study of all stages of this insect, to- 
gether with some observations on its habits, seems to leave no doubt that this 
interesting little Chalcidid is a destructive enemy of the seed of crimson and 
common red clover. I also determined that it passes the winter in the seed left 
in the open field, evidently in the larval stage. 


1 Figures in parentheses refer to “ Literature cited,” p. 20. 
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DISTRIBUTION. 


In 1904 Dr. E. G. Titus (5) gave the following distribution of B. 
funebris by States: Hanford, Cal.; Fort Collins, Colo.; Marengo 
and Urbana, Ill.; Winona Lake, Ind.; Richmond, Kans.; Agricul- 
tural College, Mich.; Agricultural College, Miss.; St. Anthony Park, 
Minn.; Quaker Street, N. Y.; Corvallis, Oreg.; Providence, R. I.; 
Burlington, Vt.; Pullman, Wash.; Danville and Virginia Beach, Va., 
and the District of Columbia. Mr. George I. Reeves reported this 
species from Lincoln, Nebr., the same year, and in 1915 Prof. F. M. 
Webster reported its presence at Tyngsboro, Mass., Kensington, Md., 
Lebanon, N. H., and Chambersburg, Pa. It was further reported from 
Wakeman, Ohio, in 1905, by W. B. Hall; at Albuquerque, N. Mex., 
1908, Sacaton, Ariz., 1909, and central Utah, 1910, by C. N. Ainslie; 
at Plano, Tex., in 1909, by T. D. Urbahns; at Twin Falls, Idaho, in 
1911, by H. T. Osborn; at Nashville, Tenn., in 1910, by George G. 
Ainslie; at Newell, S. Dak., in 1913, by C. N. Ainslie; at Alva, Okla., 
in 1913, by E. G. Kelly; at Charleston, Mo., in 1914, by G. W. Barber; 
at Minden, Iowa, in 1915, by T. D. Urbahns; at Hagerstown, Md., in 
1916, by H. L. Parker; and at Fallon, Nev., in 1917, by T. D. Urbahns. 

Under later dates, B. funebris was reared from many additional 
localities by the writer and other persons connected with the Bureau 
of Entomology, so that at the present time it is known to be present 
in practically every locality in the United States where either red 
clover or alfalfa seed is grown to any extent. 

In 1913 the writer found it in alfalfa seed reported by a seed 
dealer to have arrived from Germany. This species has also been 
reported from other foreign countries as follows: 

1906, N. E. Hansen, Medicago falcata, Omsk, Siberia. 
1907, C. V. Piper, alfalfa, Turkestan, Asia. 

1908, Mr. Brand, alfalfa, Pisa and Matilla, Chile. 

1908, N. E. Hansen, alfalfa, Tashkent, Turkestan, Asia. 
1908, J. G. Sanders, alfalfa, Tashkent, Turkestan, Asia. 
1910, C. P. Lounsbury, alfalfa, Cape Town, South Africa. 


CHARACTER OF ATTACK. 


The injury caused by the chalcis-fly consists entirely of the hollow- 
ing out of the developing seeds (PI. II, fig. 2). By the time the 
alfalfa seed pods and the clover heads have matured the destructive 
work of this minute larva has been completed within the infested 


_ seed, and the result is a hollow seed containing the insect in one of 


its stages, or simply the seed shell from which the adult insect has 
emerged. (Pl. II, figs. 3 and 4.) This pest in no way interferes 
with the growing of either alfalfa or red clover for forage purposes, 
except in so far as a very poor stand may be expected when infested 
and hollowed-out seeds are planted. The loss caused by this pest 


4 BULLETIN 812, U. S. DEPARTMENT OF AGRICULTURE. 


is to the growing of alfalfa or clover for a seed crop, and the insect 
may therefore be considered strictly a seed pest. 


FOOD PLANTS. 


The following plants have been found to be food plants of the 
chalcis-fly, B. funebris, seeds of each of these having been found in- 


fested by this species: 
Alfalfa (Medicago sativa). 
Red clover (Trifolium pratense). 
Bur clover (Medicago hispida nigra). 
Bur clover (Medicago hispida terebellun). 
Bur clover (Medicago hispida denticulata). 
Medicago falcata. 
Medicago ruthemia. 
Medicago tunetana. 
Medicago tuberculata. 
Medicago arabica. 


The seeds of the following list of closely related plants apparently | 
are not attacked by the chalcis-fly: 


White clover (Trifolium repens). 

Alsike clover (Trifolium hybridum). 
Yellow sweet clover (Melilotus officinalis). 
White sweet clover (Melilotus alba). 
Sour clover (Melilotus indica). 


- ECONOMIC IMPORTANCE. 


Table I shows the destruction of alfalfa and clover seed as found 
in samples of seed taken in the given localities. 


TABLE I.—Percentage of alfalfa and red clover seed found infested by Brucho- 
phagus funebris. 


Seeds examined. 
i Date of Seed de- cS. 
woe. collection. stroyed. qtemtatEs 
Total. | Infested. 
Per cent. 
Aberdeen, Idaho Sept. 19,1914 886 7 0.7 | Alfalfa seed. 
wee at sees do. B 902 45 5 Do. 
ATOR Oreg.. - -| Sept. 5, 1914 156 81 52 Red clover seed. 
Bard, Calif. - -| May ae 1915 1,374 723 52.6 | Alfalfa seed. 
DOG keels oo eee eae May 12) 1915 1, 000 361 36.1 Do. 
Dope ANG Baa ON I aaa e May 20,1915 1, 100 260 23.6 Do. 
Doe eet ae se ia eS May 28, 1915 1, 053 222 21 Do. 
Do sas ese Ses A ee ee ei June 81915 1, 236 400 32.3 Do 
YO ee ST ae ee ae es me oe June 17,1915 1, 091 291 26.5 Do 
DO spy wat a aE Sa June 23,1915 1, 005 268 26.6 Do 
AD Yc aides MaRS. Saginiaes 2 nes 2 1915 1,115 315 28.2 Do 
DO} gees toda Pl) 9 OE RA Cua CaM z|P 215-298 311 25.3 Do. 
Dowtee ess fe ieee re eee July 8. 1915 1,255 672 54.4 Do. 
Dome eee b ee eee pe yaa Aug. 4,1915 1,364 489 36 Do. 
Do Se pstiee lea Ph eat ah BAM bate Ek do. bam 245 21.7 Do. 
Aug. 5 1915 1, 028 533 48.1 Do 
ela vie Mapa a a eae aaah Mee leas, 330 28 Do. 
Oct. 2, 1915 872 747 85 Do. 
Nov. 10,1914 691 212 30.7 Do. 
.| Sept. 2,1912 263 217 82 Do. 
-| Sept. Ti, 1914 1,307 50 3.8 Do. 
-| Sept. 10, 1914 866 237 27.3 Do. 
.| Apr. 12, 1912 3, 007 1,761 58. 5 Do. 
Oct: 25, 1914 263 83 31 Do. 


Sept. 24) 1912 574 195 a4 hoe. SDgy 
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TABLE I.—Percentage of alfalfa and red clover seed found infested by Brucho- 
phagus funebris—Continued. 


Seeds examined. 


| 


Locality. Date of ___| Seed de- Remarks. 
collection. stroyed. 
Total. | Infested. 
| 
Per cent. 
OMETTTUIS MONO stag 2 'uod non wsssascbe ss Oct. 17,1908 559 50 8.9 | Red clover. ! 
DOKCONAM SCAN lesa cain tain cic ca nnciceesisoble Oct. 3,1912 317 118 37 Alfalfa seed. 
Dos Palos, SEALS ae eae, ee Sept. 15,1913 993 264 26.5 Do. 
Mrterieles | @aliles. 2.02: oo ees scence osu Aug. 26,1912 311 32 12 Do. 
D0 TR TAB BREET S Spee a hres ee Ramee Jan. 12,1914 603 145 24 Do. 
PETERSON UAL Soi oie oo oe ceva ates Sept. 23,1914 816 34 4 Do. 
10) EES SRS RSS TERRE ES ee ee Gosttt 876 105 12 Do. 
0). SBA ee Oe Se ae Gosheeccs 835 59 7 Do. 
ORE Ce een seek TEs Baleares domes 297 11 3.7 Do. 
(DY 2 Ee ae Oe are ae ee do.. 591 35 5.9 Do. 
Logan, Miraege. ps tei hy arte 83 Dec. 28, 1915. 1,527 680 44.5 Do.? 
MEAMUDe i talbass seas dass ceeaeceno cee Sept. 23,1914 1, 097 92 8.4 Do. 
Mesilla Rank IN) Meéxoifscscblte Pes Aug. 30, 1908 561 130 30.5 Do.8 
DG eee ert ce itso ee laee. 3 dos te 531 170 47.1 Do. 
Murretiax,Calitetss2oc83 22 * 25 poe Aug. 7,1915 1,140 177 15.6 Do. 
Myton, (DIGG TE, uel mel an ie Apr. 5, 1912 1, 000 395 39.5 Do.4 
Mepis Utabs. .2i 3522 -eeecledece ..-| Sept. 24 1914 994 35 3.5 Do. 
1D.) SP a a aay |e eae do.2aaes 845 119 13.5 Do. 
re ie oes ce | doe as 700 131 18.5 Do. 
ae eM eee seman cncicicis soessqseeela ace dots. 25 |e 046 19 1.8 Do. 
2.3 CEOS EGER C ERE cen ee ees ac] Gaeee do. . 935 23 2.4 Do. 
Bedlian, Orem ieee. Seeeeceeses ees Sept. 9,1914 764 229 30 Do. 
Red Bluff, OF Te eee ee ee Sept. 3,1914 966 147 15.2 Do. 
SSUES 1] ne CER RAGE 3. Cl 492 109 22 Do. 
Sti Anthony, Idahow soi). -.-2i 5212: Sept. 17,1914 629 23 3.6 Do. 
Balvake City, Utalie-.c.saccose es. = May — eee 100 37 37 Do.3 
GY ers eee) 2 5) Be ees ales 35 doses 400 149 62.8 Do.3 
Dice Be ahead 5. ie beaheas do. 500 186 37.2 Do.3 
gh ays: Ses Poee S2Eck aS se: we Oct. 17,1910 500 286. 57 Do.3 
WD) Oeste ctn aoe Weston oe tae cine Sate Noy. 22,1910 107 77 72 Do.3 
TPO Sees Bit ee i see eee Sept. 20, 1911 450 5 1 Clover. 4 
1D Sa 8 eS ee eo ORES, Jan. 16,1914 1,387 | © 52 3.7 | Alfalfa seed. 
MOMIETON;PATIZ. 2) i rr tk. FEEL oe May 10, 1915 1, 235 664 53.8 Do. 
PROTA O ee AULZ sera cee ase oe osebaceae June 28, 1912 NGA Be sescss losesscecen Do.5 
Gece ease neces eee eee .-| July 1, 1912 BABU Eeeae ee acess co ee Do.& 
Oe ee teeters. coma oncias 2atecceees July 8,1912 670 237 35.4 Do. 
Dower tren fsa ee tel i ayl July 15, 1912 684 403 50 Do. 
ID0id CER AER EE, See eee Aug. 10, 1912 301 235 78 Do. 
Dae a afb a Pe. eerie netic! Oct. 29, 1912 321 134 42 Do. 
LOS Ce eS ee ear eae aa July 22° 1913 899 412 46 Do. 
DOR tet eat he a Se Aes es issie.— 4 do 2,270 778 35 0. 
DO ee pease letc seen ee Aug. 20, 1913. 939 439 47 Do. 
DOE se is ee se PREG Ee July 24) 1914 1, 445 408 28 Do. 
1D GBM, ce, A RN eg ae age SR Aug. 15, 1914 1,185 212 18 Do. 
piwina Balls: Tdahoues: cseceen. 7. ones Sept. 14, 1914 1,117 322 29 Do. 
ulate, ATTA os Res Le. i Oct. il, 1912 600 154 95.5 Do. 
ya PERE Seeds oars irs. pyre Nov. 18, 1913 655 243 37.5 Do. 
TWaskincton, 1D BY Gis aes a oa eS Oct. 20, 1910 361 96 26 Clover. ! 
Aveitinaton, Wamis\ssi2 se seces Ee June 3, 1910 400 333 83 Alfalfa seed. 8 
Wey Aelita one se sees aetna June 6, 1910 600 480 80 Do. 
2; 1914 558 98 18. Do. 
6, 1913 1,143 109 9.5 Do. 
7, 1913 833 277 24.4 Do. 
do.. 2,174 524 24 Do 
—_— 1913 915 646 i2eo Do 
Dec 19) 1913 484 443 91 Do 
Dec. 22,1913 1,377 1,017 74 Do 
s June 18,1914 33 76 22.7 Do. 
Oss Lace 1,076 171 16 Do. 
1D yeep oli tee ea tet 2 | apace do.. 391 82 21 Do. 
pee ane 585 24 4.2 Do. 
soceice 554 » 95 17 Do. 
Lo es Se ey re Gee 2 EN CF = lee ame Apr. OL 1915 706 277 39. 2 Do. 
\DCOES ah nig Ma eye oa ea a June ti 1915 1,047 311 29.5 Do. 
DORE Beis ae ut & eRe eran Soe July 21, 1915 1, 295 214 16.5 Do. 
Doel. Ey ERP ges jo do 1, 106 211 19.1 Do 
1 Note made by T. H. Parks. 4 Note made by H. T. Osborn. 
2 Note made by E. — Barrett. 5 Note made by R. N. Wilson. 
3 Note made by C. N. Ainslie. 5 Note made by E. G. Kelly. 


The loss to the alfalfa-seed crop depends upon the total yield and 
upon the percentage of infestation. 
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This loss frequently varies from 50 to 400 pounds per acre as a 
result of the destructive work of this pest. At an average price of 
12 cents per pound the loss may then be estimated at from $6 to $48 
per acre annually. While this loss in the aggregate is enormous, 
there is frequently an additional loss which is caused by the planting 
of uncleaned seed, resulting in a poor stand and the loss of time and 
money in replanting. 


COMMON NAMES. 


Bruchophagus funebris is commonly known throughout the East- 
ern States as the clover-seed chalcis-fly. Throughout the alfalfa 
seed-growing districts, which are located almost entirely in the 
Western States, this insect is better known as the alfalfa-seed chalcis _ 
fly. Many farmers, however, frequently refer to its destructive work 
as that of a seed weevil, while others simply refer to the injured seed 
as “blighted seed,” and apparently are not familiar with the cause 
of this condition. 


MEANS OF DISPERSION. 


At the present time it is impossible to study in detail the means 
by which B. funebris became distributed over the different parts of 
the United States, for the reason that it is now found in almost 
every locality where either alfalfa or red-clover seeds are grown to 
any extent. It-is, in fact, very poles that this species is a native 
of this country. 

The shipment of infested seed from one locality to another has, 
without doubt, been a great factor in the dispersion of the alfalfa- 
seed chalcis-fly, since one can visit seed houses and frequently find 
hundreds of the adults present in the sacks of either clover or alfalfa 
seed. 

Their prea probably was greatly aided also by the early settlers, 
who traveled across the country with horses and wagons, taking with 
them either clover or alfalfa hay bearing a few infested seed pods. 

Throughout the mountain States there frequently is found a chain 
of small alfalfa patches along the mountain streams connecting the 
larger irrigation valleys, where alfalfa plants, along the edges of 
these fields, develop seed pods, and render conditions favorable for 
the spread of this insect from one field to another. Infested seeds 
and pods are undoubtedly washed down the mountain streams, enter 
irrigation canals, and may become distributed with the water over 
new fields many miles away. 

The wind is an important factor in the aigaeedn of the adults of 
B. funebris over adjoining fields. The writer has frequently ob- 
served large numbers of chalcis-flies being carried by the strong 
summer breeze from one field to another. On one occasion more than 
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THE CLOVER AND ALFALFA SEED CHALCIS-FLY (BRUCHOPHAGUS FUNEBRIS). 


a, Adult; 6, larva; c, pupa. 


Bul. 812, U. S. Dept. of Agriculture. PLATE II. 


Y Ws 
yy 


Go 


THE CLOVER AND ALFALFA SEED CHALCIS-FLY. 


| A, Egg; B, larva m hollow seed; C, cluster of seed pods showing openings from which adults emerged; 
D, seeds hollowed by Bruchophagus funebris. 


CLOVER AND ALFALFA SEED CHALCIS-FLY. 7 


two hundred adults of B. funebdris, carried by the wind from a 
near-by field, alighted upon the writer’s shirt in the course of a few 
minutes. Further observations revealed thousands of these chalcis- 
flies being carried by the winds. 


LIFE HISTORY. 


METHOD OF STUDY. 


The life history of this seed chalcis-fly was studied by selecting old 
alfalfa plants and first carefully removing all seed pods which had 
begun todevelop. The fresh blossoms were then artificially pollenized 
and covered with thin cheesecloth bags. About one week later the 
bags were removed and a mica breeding cage was placed over the 
soft green seed pods. One or more adults of B. funebris were then 
placed in the cage for oviposition into the green seeds. The mica 
cage, with the adults of B. funebris, was usually removed after one 
day, and the seed pods were again covered with cheesecloth bags. 
Here they were allowed to remain until desired for dissection and 
study of the various stages of the chalcis-fly, or until the first adults 
emerged. It was found that larvee of B. funebris, which had been re- 
moved from their natural cavities in the infested seed, could be 
transferred to a cavity made in a small cork, and if properly cov- 
ered with a medical capsule, or a small glass vial, they could be 
reared to the adult stage without difficulty in the laboratory. The 
hibernating larvee and pupz also were carried successfully through 
to the adult stage in cavities made between two layers of sheet cork. 

Examinations of matured seeds were made by soaking the seeds 
for a few hours and then dissecting them under a binocular micro- 
scope. 

The period of incubation was studied by allowing adults to ovi- 
posit into seed pods covered with mica cages and then dissecting 
some of the seed from day to day until the first eggs were found to 
have hatched. 


THE EGG. 


The egg (Pl. II, A) of B. funedris is small, elongated, measuring 
about 0.2 mm. long and 0.08 mm. in thickness. It consists of a delicate 
membranous bag filled with a semiliquid substance. One end of the 
egg is terminated in a flexible point, while the opposite end is marked 
by a slender tube-like film measuring about 0.2 mm. in length. 


LARVA. 


The larva (Pl. I, B) is grublike in shape. It averages 1.9 mm. 
long and 0.9 mm. wide when fully developed. The pointed brown 
_ mandibles are chitinous and visible to the unaided eye. With the ex- 
ception of the mandibles the larva is white. It has no feet or legs 
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and is almost free from pubescence. The 13 body segments are at 
times quite prominent. 
PUPA. 


The pupa (PI. I, C) measures 1.8 mm. long. It is at first white, 
later the eyes and ocelli are brown, and before becoming adult the 
pupa turns black. All appendages are folded close to the body, and a 
thin pupal skin covers the insect in this stage of its development. 


ADULT. 


The adult (Pl. I, A) of B. funebris is a very small black insect 
measuring about 2 mm. in length. Frequently thousands are seen 
flying over the horses and mower when the alfalfa seed crop is being 
harvested. They also collect in great swarms on the shady sides of 
alfalfa seed stacks, from which these insects emerge. Farmers fre- 
quently mistake the adults of this species for gnats, which are about 
the same size and are frequently very troublesome at the time when 
the chalcis-fly is most abundant. 


SEASONAL HISTORY. 
EARLY DEVELOPMENT. 


The first development of the chalcis-fly may be found in February 
and March throughout: the Southwest, when the hibernating larve 
begin to transform to the pupal stage. Spring temperatures and 
moisture conditions determine the time of this transformation. In 
colder climates it is much later, and under desert conditions the 
larval stage may be prolonged indefinitely. 


FIRST APPEARANCE OF ADULTS. 


The first adults appear in the spring, about four or five weeks after 
warm weather has set in. It is probable that in southern California 
adults may be active in small numbers throughout the entire winter. 
Adults of B. funebris were taken in the fields in the San Fernando 
Valley, Calif., as early as March 3, but they usually do not appear 
in large numbers until about April. At Yuma, Ariz., they make 
their appearance in March, and the first seed pods, which usually 
develop along the check ridges, become infested by the middle of 
April. On April 17 green pods were taken at the edge of a field at 
Yuma, and upon careful examination, 8 seeds showed very small 
larve, 5 showed half-grown larve, 15 showed full-grown larve, and 
20 showed B. funebris pup. E.G. Kelly observed adults of B. fune- 
bris in the field at Wellington, Kans., as early as April 21. H. T. 
Osborn reared them in out-of-door breeding cages in the same 
locality as early as April 17. In the valleys of central California 
the adults of B. funebris become active in April and oviposit into the 
seed pods of bur clover (J/edicago hispida), which forms seed pods 
much earlier than alfalfa. 
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Mr. Kelly reported adults of 2B. funebris active and ovipositing in 
alfalfa seed pods at Wellington, Kans., by June 10, 1911. 


OVIPOSITION. 


The adults of Bruchophagus funebris appearing in early spring 
are not always able to locate developing seeds of their host plants at 
the time of their emergence, and it may be three or four weeks be- 
fore an opportunity for oviposition is found. In midsummer ovi- 
position takes place within a few days after the adult emerges. 
Green and half-grown seed pods are favored for oviposition. The 
female adult takes a position directly over the slight enlargement on 
the pod caused by the developing seed. The ovipositor is forced 
through the green seed pod and into the soft watery seed, where the 
egg is placed. The time required for oviposition is about one 
minute. 


POSITION OF EGG. 


The egg is usually placed just beneath the inner integument of 
the seed, sometimes between the cotyledons, and frequently within 
the semiliquid contents of a cotyledon. It is placed singly, although 
oviposition into the same seed may be repeated. The mark left by 
oviposition may sometimes be seen in the form of a very minute 
spot on the surface of the seed, but this is usually not discernible 
even with the aid of a microscope. The relative position of the 
seeds in a pod in no way seems to influence the chances of infesta- 
tion. 


EGG STAGE. 


Observations made during the month of April at Pasadena, Calif., 
showed the period of incubation as requiring from 7 to 12 days. 
In the month of June the incubation period was found to be about 
five days. E. L. Barrett, assisting the writer, found eggs of B. 
funebris hatching in four days during very warm weather. 


LARVAL STAGE. 


The larva, upon hatching from the egg, finds itself surrounded 
with the soft contents of the growing seed. The first feeding takes 
place after the larva is one or two days old, and in midsummer 
rapid growth follows. The larva of B. funebris never leaves the 
seed in which it is developing to infest another seed in the same 
pod. Where two or more larve chance to be in the same seed, one 
or both usually perish before development is completed. Molts, 
‘apparently, occur indefinitely in the larval stage, and appear to 
be the peeling off, in small fragments, of the old larval skin. The 
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time required for the complete development of the larval stage va- 
ries under differing temperature conditions, and depends upon the 
condition of the seed in which it develops. Under the most favor- 
able conditions, as observed by the writer, the larve completed de- 
velopment in 12 days. In early spring this period was prolonged 
to 30 days. 

PERIOD OF AESTIVATION. 


The factors of greatest influence in the life cycle of B. funebris 
are those which determine the period of aestivation. Larve of this 
species, reaching their full larval development in soft green seeds, at 
once transform to the pupal stage and soon emerge as adults. On 
the other hand, if the infested seeds mature and harden before the 
larval development is fully completed aestivation follows. This 
resting period frequently continues throughout the remainder of the 
season, or until conditions become favorable for pupation and trans- 
formation to the adult stage. 

Atmospheric humidity, temperature, and irrigation are important 
factors determining the duration of aestivation. <Aestivation occurs 
frequently in the larve of 4. funebris during the months of July, 
August, and September. Favorable conditions may at any time 
cause transformation to the pupal stage or aestivation may continue 
into hibernation. The transformation usually occurs at any time 
between March and July of the following season, though in ex- 
ceptional cases the larval stage may be continued into the second 
year. 

Alfalfa seeds collected in the fields on September 24, 1912, and 
kept dry in the laboratory showed adults of B. funebris emerging 
throughout the season of 1913 and larve living in the seeds until the 
spring of 1914. The last adults of B. funebris emerged as late as 
September, 1914. This habit causes great diffusion in the adults of 
the species. It was found that some of the progeny of a single adult 
developed and reached maturity in about 30 days, while other 
progeny from the same adult and from eggs deposited on the same 
day did not mature until the next year. 


PUPATION. 


The period of pupation in early spring requires an average of about 
30 days, as shown by Table II. As the season advances and the days 
become warmer the duration of the pupal period is much shortened. 
Pup developing in midsummer have a pupal period of from 6 to 10 
days, and under the most favorable conditions this period is without 
doubt shorter than that observed in the breeding cages. 
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LATE APPEARANCE OF ADULTS. 


While some of the larve apparently go into hibernation as early 
as August, adults may be seen emerging froin the infested seeds and 
seed pods in the months of October and November. 

At Glendale, Calif., adults were still active in the fields as late as 
November 18, in 1912. C. N. Ainslie reported B. funebris as being 
numerous among the florets of red clover on September 17, in 1913, 
at Fairmont, Minn. At Albany, Oreg., the writer found them active 
over red clover on September 15, in 1914. At Nephi, Utah, they were 
active on alfalfa florets on September 24 of the same year. Activity 
of the adults, oviposition, and development of larve usually continue 
as long as green seed pods are present in the fields. The first heavy 
frost kills the adults and pupe and most of the undeveloped larve. 

The writer’s observations show that in southwestern Arizona this 
species may have as many as four generations in a single season. 
This is, of course, under favorable conditions—first on volunteer 
alfalfa and then in the irrigated seed fields. Without doubt it com- 
pletes at least two generations in most of the intermountain seed- 
growing districts, where the growing seasons are frequently very 
short. The minimum number of generations in a single season may 
be less than one under very unfavorable conditions, as it required 
more than one season for some of the individuals under observation 
to reach the adult stage. 


TABLE II.—Length of the pupal period for 50 individuals of Bruchophagus fune- 


bris which hibernated in the larval stage. » 
Pupal period of male. Pupal period of female. 
Days Days. 
Marapl OGORADrel se nce cress ciecececccsencme mss 30 Marl OWOFA ee = sce sactec lace cs cec nes come 43 
WIG TRY TNL iOS AENG 0) OP yen ey ae a 42 Mice eaL OC OVA Sl Aa on saejncie eee becason aes aeae 35 
MareelOWOnsprs obs fe cese obo ga ake cece cebio sets 42 Mare iliiGock prsilaseet a a se en ee eo 34 
TREY ay AS) UO) ANY 0) oy ep et ee apap ga 52 Maren OL OPASDS 22 ae tee tes eee oat noe eee 43 
IN cineRL OME OP Apis 22 oso bya rasie eeeine «see 33 Marti tovAtpre 20 ai cee eat cee tian = a 42 
isreal ebOPAIpraOe shitter foe le Suber a 23 MaranliitOrapr egies amet ten cee ie meee ie 41 
i ansagLOrA Dra Loreto. ote oo saeco aq rreeeekic os 30 Mars 20 1G OPAspre os sakes cet mies cee ea gee 39 
WiigneS 10a 0A] 0) Dey reget teas esate hee ge iar gn 22 Mar ua tovAiprelaecen ican cece css cena ee 34 
Wha Vee LUD 7 ey oh ea Se. a a Soe 24 Mens CORA DR Ode ma chy pene aan maison sna se 34 
Mar. 14to Apr.6......-...------ -- 23 Mar. 
Mar. 14 to Apr. 10... mee = BY Mar. 
Mar. 14to Apr. 11............- 65 BS Mar 
Matra23:t0 Apre2 o-oo een eee a Vase PA} Mar. 
MAISTO ADE lO seem ene seme ae eee Tre. 32 Mar. 
WAT SL GOrAMpry lines senistrctae tee sets haw oe 21 Mar. 
Meret COPAIIS date tne ence ccer ean eae cee 24 Mar. 
Mar MUL OVA pred oon ck Se sae eee eels 24 Mar. 
MATL Gt OrAtprinla saat oe eae ceeeee ce bese eee 28 Mar. 
IG Wess OVEN 0) 0 7 UM ee Re eR 21 Mar. 
Mistrple sb OPA: Dre lio tn = tence cece Boe ce sane ee 29 Mar. 
MAR Sis OPA Dhol One ee teat es we eee eas 28 Mar. 
it ESSE S 07 NG ol US nf 27 Mar. 
MAP SUELOPA DIN See Petes ce cota ea eee eee 22 Mar. 
WET Tle LOPASDY Ss O Seine oe enn nec ee oe eee ehh 26 Mar. 


iu ee LT C0) VEN 0) a Es oe Se IN 223 Mar Storrs Gece sence yes oes se ae eee 2 26 
Miverage ss joe te pone en eases. it 28.3 AV OTP One eien smattwee soneetsemenee core 34.5 
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HIBERNATION. 


B. funcbris hibernates in the larval stage within the infested seed, 
and the first larvee enter hibernation as early as August. In fact, 
many larve, after spending a part of the summer in aestivating, 
continue into hibernation without resuming apparent activity. On 
the other hand, large numbers of larve of this species can be found 
active in the seeds throughout September and October, and a few of 
them have been found feeding in the green alfalfa seeds throughout 
the month of December and even until they were killed by heavy 
frosts in early January. Early spring rains, together with warm 
days, mark the end of hibernation for a large percentage of the 


Fic, 1.—Diagram showing development of Echontetee funebris. Bach heavy line shows 
the time required for one individual from the egg to the adult stage. 


In southern California the first pupae may be found in the latter 
part of February, and these increase in great numbers throughout 
the month of March. H. T. Osborn, formerly of the Bureau of 
Entomology, reported B. funebris entering the pupal stage at Wel- 
lington, Kans., during the month of March under conditions slightly 
unfavorable to pupation. Some of the individuals continue to rest in 
the larval stage until late in the spring, and frequently until mid- 
summer. The greatest number of hibernating larve are found 
along the edges of the field, along fence lines, and in neglected seed 
fields. In fact, they may be found wherever large numbers of in- 
fested seeds have been allowed to remain on the fields unharvested. 

In figure 1 each heavy line shows the time required for the de- 
velopment of a single individual of B. funebris. The different 
lengths of these lines show the period of development from the egg 
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to the adult stage to be from 26 days to 24 months, and, in a few 
cases, to carry the individuals through two winters before the adult 
stage is reached. 


RELATIVE INFESTATION THROUGHOUT THE SEASON. 


During the season of 1915 newly formed alfalfa seed pods were 
taken at Bard, Calif., at intervals of about one week, and examined 
for infestation by the seed chalcis-fly. It was found that the seed 
pods taken as early as April 24 showed 39 per cent of the seeds to be 
infested. On May 8, as many as 52 per cent showed infestation by 
the chalcis-fly. This was undoubtedly due to the increased emer- 
gence of the chalcis-fly. The period from the middle of May to the 
middle of July, at which time the pods were forming in great 
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Fic. 2.—Diagram showing comparative abundance of the stages of Bruchophagus fune- 
bris during the different months of the year. 


abundance, showed the infestation dropping to an average of 28 
per cent. 

The average infestation for the period from the middle of July 
to the end of September increased to 49.5 per cent. This was un- 
doubtedly due to the increased number of the chalcis-flies and to the 
rapid decrease in the seed pods caused by the cutting of alfalfa on 
many of the seed fields. 

By October all the seed fields had been harvested, and the chalcis- 
flies were forced to breed in the green pods still forming along the 
edges of the fields. Seed pods collected on October 12 showed 85 
per cent of the seeds to be infested. 

Figure 2 shows the comparative abundance of the stages of B. 
funebris during the different months of the year. 

It will be noted by the chart that eggs of B. funebris are found 
earlier along fence lines than in the seed field. This is due to the 
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fact that isolated plants on waste areas form the earliest pods, and 
the seed fields are cut for hay before the seed crop is grown. A 
sudden scarcity of eggs, feeding larvee, and pupe is seen in the field 
in October, which is due to the harvesting of the latest seed crops. 
Resting larve continue to remain on the field throughout the winter 
in remaining seed pods, but are much more abundant along fence 
lines. Spring irrigation of seed fields hastens emergence of adults, 
and this results in the absence of resting larve and pupex on most. 
fields during the month of May. 


PARTHENOGENESIS. 


The parthenogenetic habit is well established in the females of 
this species. Female adults, reared from pups which were com- 
pletely isolated, were placed in cages for oviposition into green 
alfalfa seed pods. All precautions were taken against earlier in- 
festation of the green seeds. These virgin females oviposited freely, 
and their progeny was reared in breeding cages. The largest num- 
ber of offspring from a single female observed by the writer was 20, 
and all of the progeny of these virgin females proved to be males. 


CONTROL METHODS. 


The practical methods of controlling the chalcis-fly in the alfalfa 
and clover seed fields are mostly cultural methods. It can not be 
hoped to eradicate this pest from any seed-producing locality; but 
with the proper methods effectively applied thousands of dollars 
can be saved annually to the different seed-growing districts. Be- 
cause of the rapid dispersion of the adults of this species it is of 
vital importance that control methods should be taken up by com- 
munity action rather than by the individual. 


BURNING OVER OF FENCE LINES. 


Everywhere in the alfalfa and red clover seed-growing districts 
one will find large quantities of standing plants along the fence 
lines and waste areas bearing the seeds infested by hibernating larve. 
Many hibernating larvee of the chalcis-fly can be destroyed in the 
fall of the year by burning over such areas, thereby greatly lessen- 
ing the abundant emergence of adults in early spring. It has 
been found that live stock can not be depended upon to rid the fence 
lines of standing alfalfa in the winter unless there is a great short- 
age of forage. 

WINTER CULTIVATION. 
The cultivation of alfalfa seed fields during the winter is of much 


value in covering the infested alfalfa seeds containing hibernating 
larvee. It is not necessary that infested seeds should be covered to 
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TETRASTICHUS BRUCHOPHAGI. 
A, Larva; B, pupa; C, adult. 
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LIODONTOMERUS SECUNDUS. 


A, Adult female; B, larva; C, pupa. 
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such a depth that the emerging adults are unable to reach the sur- 
face, because the slightest covering of moist soil will cause many 
of the infested seeds to mold, and prevent development of the pupal 
or adult stages. 

The necessary cultivation can be accomplished by the use of an 
alfalfa cultivator, spring-tooth harrow, or a disk. Care should be 
taken that the surface of the field is left smooth, to facilitate close 
cutting, as well as to prevent clods and gravel from being taken up 
with the seed when the seed crop is harvested. 


IRRIGATION OF ALFALFA SEED FIELDS. 


Whenever possible, the alfalfa seed grower should do most of his: 
irrigating in early spring, or before the seed crop is grown. Where 
this can be practiced, two important points may be gained. First, 
the tender, rank growth of alfalfa usually following irrigation will 
be removed as an early fodder crop, and a steady growth of more 
substantial stems will take its place to produce the seed crop. Second, 
irrigation of a seed field stimulates the emergence of the chalcis- 
flies which remain within the infested seeds upon the ground. The 
humidity of the atmosphere over an irrigated field accelerates the 
emergence of this pest from seeds of the newly forming crop, which 
would otherwise become sufficiently dry to force many of the larve 
into a resting period. 

It has been supposed by farmers that flooding the seed fields after: 
the first crop of alfalfa has been removed would destroy the larve 
of the chalcis-fly present in alfalfa seeds upon the ground. The 
writer has found that soaking infested seed in water for four or five. 
days is not sufficient to kill the larve resting within the seeds. This 
would render any attempt at their destruction by irrigation im- 


practical. 
CUTTING EARLY PLANTS ON WASTE AREAS. 


The fence lines, ditch banks, and other waste areas where volun- 
teer alfalfa can be found, are among the great sources of infestation. 
It has been found that the chalcis-fly frequently passes through one 
or two generations on this volunteer alfalfa before the seed fields 
are advanced to the point where infestation takes place. Every 
farmer, therefore, in an alfalfa seed-growing district should cut all of 
the standing alfalfa along the fences and waste areas at the time a 
hay crop is cut before he grows a seed crop. Alfalfa seed pods 
should not be allowed to develop anywhere around the field until the 
plants of the regular seed crop have begun to form pods. 


CAREFUL CUTTING OF HAY CROPS. 


It is of the greatest importance that special care should be exer- 
eised in cutting alfalfa or red clover before the seed crop is grown. 
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Any plants carelessly cut, so that some stems remain standing, and 
allowed to develop seed in advance of the regular seed crop, offer 
favorable conditions for the multiplication of the chalcis-flies. Al 
pocket gophers should be poisoned or trapped and their mounds, as 
well as other irregularities in the surface of the field, should be 
leveled so as to make clean cutting possible. 


PASTURING BEFORE GROWING SEED. 


After removing the first crop of alfalfa for hay, and preparing to 
grow a seed crop, it is frequently possible to secure a herd of live 
stock, which may be turned into the field for two or three days. Ifa 
sufficient number of horses, cattle, or sheep can be secured they 
will render a valuable service by destroying the clusters of plants 
which frequently escape the mower, develop early seed pods, and 
form favorable breeding places for the development of the chalcis- 
fly before the regular seed crop has become sufficiently advanced. 


ALLOWING THE SEED CROP TO STAND TOO LONG. 


The development of seed pods in the alfalfa seed fields is to a great 
extent periodical. That is to say, the first set of pods will have been 
formed when a new set of blossoms appears, or the first set of pods 
will be reaching maturity when the second set of pods is soft and 
green. This condition is most noticeable in fields receiving frequent 
irrigation. The tendency on the. part of the farmer is to allow the 
seed crop to remain on the field too long, while waiting for a third 
or even a fourth set of pods to develop. It has frequently been ob- 
served that the chalcis-fly passes a complete generation in the earlier 
pods, and, in much greater numbers, infests the later pods forming 
on the same plants. Consequently, all seed fields should be handled, 
as much as possible, so that a heavy setting of pods will be secured 
with the first bloom and the crop removed from the field as early as 
possible. This will avoid a greater percentage of infested seeds as 
well as loss of time and will make room for the growing of subse- 
quent crops for hay. 

SECOND CROP OF SEED. 


In the Southwest, where there is little danger of early frost, seed 
growers occasionally attempt to grow two crops of alfalfa seed in a 
single season. The results of such instances are usually very disap- 
pointing, on account of the usual severe infestation common to the 
second crop. This is frequently so great that the crop does not pay 
the harvesting expenses. 

An attempt to grow a second crop of alfalfa seed in a single sea- 
son will meet with almost certain failure as a result of the increased 
abundance of the chalcis-flies late in the summer. 
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EUTELUS BRUCHOPHAGI. 
A ,Adult female; B ,larva; C, pupa. 


PLATE VI. 
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LIODONTOMERUS PERPLEXUS. 


A, Adult female; B, larva 


C, pupa. 
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PASTURING INFESTED FIELDS. 


The great mistake of pasturing alfalfa seed fields which have be- 
come too severely infested to yield a crop worth harvesting is too fre- 
quently made. Live stock walking through the ripe alfalfa cause 
the seeds to be shelled out and those infested with hibernating larvee 
of the chalcis-fly fall on the ground, where they become the source 
of infestation for the following year. 


HYMENOPTEROUS PARASITES. 


TETRASTICHUS BRUCHOPHAGI Gahan (6). 


Tetrastichus bruchophagi* (Pl. III) is generally distributed over 
most of the northern half of the United States. In the central Cali- 
fornia alfalfa seed-growing sections it is the most active of the pres- 
ent known parasites of Bruchophagus funebris. While it can not be 
depended upon to control the alfalfa-seed chalcis-fly, it has been ob- 
served to destroy about 50 per cent of the larve of the chalcis-fly 
normally in the fields. This species develops within the seed and 
feeds upon the larval stage of its host. 


LIODONTOMERUS SECUNDUS Gahan (8). 


Liodontomerus secundus* (Pl. IV) has been found by the writer 
to be an active parasite upon the chalcis-fly when the latter infests 
the seeds of red clover. It does not seem to attack the chalcis-fly 
larvee infesting alfalfa seeds. This species is apparently most active 
in the red-clover seed-growing sections of Oregon and Idaho. It is 
active in the fields throughout the summer and hibernates in the lar- 
val stage within the infested seeds left on the field. 


EUTELUS BRUCHOPHAGI Gahan (8). 


Eutelus bruchophagi? (Pl. V) is of economic importance as a 
parasite of the chalcis-fly in the mountain valleys of southern Idaho 
and central Utah. It has also been found by the writer east of the 
Sierra Nevada Mountains in northern California. It does not appear 
to be present in the southwestern alfalfa seed-growing districts. 


LIODONTOMERUS PERPLEXUS Gahan (8). 


Liodontomerus perplexus? (Pl. VI) is a parasite of considerable 
importance in checking the abundance of the chalcis-fly breeding in 
alfalfa seeds throughout western Arizona. It was reared as far north 


1 For a more complete account of the species, see. Urbahns (10). 
2For a more complete account of this species, see Urbahns (11). 
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as South Dakota by C. N. Ainslie. This parasite attacks the larve 
of its host, and develops within the infested seeds. It has not been 
observed attacking the chalcis-fly when the latter infested seeds of 
red clover. This species is most active during midsummer. It ap- 
pears slower in resuming activity in spring than the other species 
studied. 


HABROCYTUS MEDICAGINIS Gahan (7). 


Habrocytus medicaginis+ (Pl. VII) is present throughout Cali- 
fornia, Idaho, Utah, and parts of Arizona. It has also been reported 
from South Dakota, Kansas, New Mexico, Nevada, and Oregon. 
While this parasite can not be depended upon at the present time to 
control the chalcis-fly in any locality where it has been observed, it 
is of value in checking the abundant development of its host. This 
species 1s parasitic externally upon the larvee of its host, and com- 
pletes its development within the infested seed. 

From all observations, Habrocytus medicaginis attacks the chalcis- 
fly only when the latter infests the seeds of alfalfa. This parasite 
has never been found upon the same host within red clover seeds. — 


TETRASTICHUS VENUSTUS Gahan (7). 


Tetrastichus venustus does not occur in sufficient numbers to be 
considered of economic importance as a parasite of the chalcis-fly 
in alfalfa seeds. While this species has been reared in small numbers 
from alfalfa seeds infested with the seed chalcis-fly, and is without 
doubt a parasite of the latter, the larval stage has not been recog-. 
nized. Specimens were reared by the writer from Corcoran, Red 
Bluff, and Tulare, Calif., and from Yuma, Ariz. 


TRIMEROMICRUS MACULATUS Gahan (6).? 


Trimeromicrus maculatus (Pl. VIII) is of economic value asa para- 
site of the alfalfa-seed chalcis-fly throughout Arizona and Cali- 
fernia. Jt has been found especially active in the Buckeye and Yuma 
Valley seed districts of Arizona, and in the Honey Lake and Im- 
perial Valleys of California. 


LIODONTOMERUS INSUETUS Gahan (8). 


Notes on file in the Bureau of Entomology, made by H. T. 
Osborn, under date of September 19, 1910, show the larvee of this 
species to be parasitic upon larve of Bruchophagus funebris. Speci- 
mens in the National Museum were reared by C. N. Ainslie, Mesilla 


1For a more complete account of this species, see Urbahns (9). 
?For a fuller description, see Urbahns (11). 
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HABROCYTUS MEDICAGINIS. 
A, Adult; B, cages for rearing parasite larvae; ©, larva; D, larva destroying its host larva; E, pupa. 
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TRIMEROMICRUS MACULATUS. 


A, Adult female; B, larva 


C, pupa. 
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Park, N. Mex.; H. T. Osborn and E. G. Kelly (1910), Wellington, 
Kans.; E. G. Smyth and R. N. Wilson, Tempe, Ariz.; and by E. G. 
Kelly, Sedgwick, Kans. (1914). 

The economic importance of this species as a parasite of the 
chalcis-fly is not known at the present time. 


EUPELMUS sp. 


A single larva of this species was dissected from an alfalfa seed by 
M. Marshall, and was found to be parasitic upon the larva of B. 
funebris infesting the seed. The specimen was taken at Pasadena, 
Calif. 

The larva of this species measured about 1.6 mm. in length, and 
was almost white in color. The head was small and the chitinous 
mandibles distinctly visible. The body segments were conspicuous 
and covered with fine pubescence. The larva was rather active. 

The pupa, at first white, turned to a smoky-white color, and almost 
black before the emergence of the adult. 


PREDACIOUS MIDGE. 
LESTODIPLOSIS sp. Felt. 


Larve of a midge, described as Lestodiplosis sp. by Dr. E. P. Felt, 
were found in infested alfalfa seeds, where they had apparently de- 
stroyed the larva of B. funebris. It is quite probable that larvee of 
this midge confine themselves to cracked or broken seeds, and where 
the larva of the chalcis-fly is exposed. The specimens under observa- 
tion were taken in San Diego County, Calif. 


(4) 


(5) 


(10) 


(11) 
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IMPORTANCE OF THE LEMON INDUSTRY. 


The lemon (Citrus limonia Osbeck), as grown in the United States, 
is largely a California product. According to the Thirteenth Census 
of the United States there were 957,000 lemon trees of bearing age 
in the United States in 1910 and 396,000 under bearing age, of which 
941,293 and 379,676, respectively, were in California. The total - 
production of all States in 1909 was reported as amounting to 
2,770,313 boxes, of which California produced 2,756,221 boxes. 


1 This is the fourth in a series of bulletins summarizing the citrus fruit-improvement investigations of the 
Department of Agriculture. The three former reports, U. S. Dept. Agr. Buls. 623, 624, and 697, presented 
the results of studies with the Washington Navel orange, the Valencia orange, and the Marsh grapefruit, 
respectively. A report on bud variations in the Lisbon lemon will be found in U. S. Department of Agri- 
culture Bulletin 815, entitled ‘‘Citrus-Fruit Improvement: A Study of Bud Variation in the Lisbon 
Lemon.’’ : 
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The commercial development of the lemon industry in the United 
States is of comparatively recent date. The total production in 
1899 was 877,000 boxes as compared with 2,770,000 boxes in 1909, 
an increase of 215.9 per cent. The rapidity of the development of 
lemon. production in California is shown in Table I. | 


TaBLE I.—Shipment of lemons from California,® for the 32-year period from 1887 to 
1918, incluswe. 


Year ending. Car- Year ending Car- Yearending | | Car- Year ending Car- 
Oct. 31. loads.® Oct. 31. loads.b Oct. 31. loads. Oct. 31. loads. 
1887. . IDS sys SSen seaoe 330 ||1903 == 32-22 ee 2, 649 6, 891 
1888. - PD ITSO dene otek a {i590 | pL!) Sa 2, 782 6, 133 
1889. . PX WED e Sc seosc5e MLSS OS. 5 ssssssss- 4,274 c 2,304 
1890. - S100 Senemna guna 1,166 ||1906.........-- | 3,789 c 3,032 
1891 AQG SOO eee sae 903 }/1907........... 3, 507 7, 068 
1892 GP MWCO. oS occeesas We AAT | L908 Sis see Bee 4,959 7, 186 
ROSE Saree Gs} Wie Ss seo 5cces 2,924 |/1909..-........ 6, 196 7,915 
TG. o ocence= 1S |W. - oo .2 22 2,816 |/1910........... 4, 891 d 6, 337 


a Wallschlaeger, F. O. The world’s production and commerce in citrus fruits and their by-products. 
Citrus Prot. League, Cal., Bul. 11, p. 69. 1914. Data from 1914 to 1918 furnished by the California Fruit 
Growers’ Exchange. 

b The average number of boxes per car for lemons has varied from 310 to 390. 

c Crops of 1913 and 1914 reduced by frosts. 

d Crop of 1918 reduced by extreme heat in 1917. 


The lemon acreage in the counties of California where this in- 
dustry is most important and the production in the leading coun- 


ties in 1917 are shown in Table II, which also shows the location of 
the principal lemon districts in the State. 


TaBLE Il.—Acreage and fruit production of lemon trees in the principal lemon-producing 
counties of California, in 1917.4 


Acreage, 1917 Acreage, 1917. 
Counties. Eon 10, Counties. Pr cducdon ; 
F Non : Boon Non- : 
Bearing. | pearing earins-! bearing. 
Pounds. Pounds. 

Los Angeles. ...... 3, 801 1,270 85, 520,000 || Tulare...........- 1, 132 1, 534 4,160, 000 
Orange soso eee 4, 000 2, 300 23,400,000 |) Ventura.........-- 2,327 3, 980 32, 768, 000 
Riverside. ........ 3, 137 2,395 27, 448, 000 |} All others......... 364 1,300 132, 000 
San Bernardino:..} 3,549 2, 850 31, 954, 000 
San Diego.......-.- 3, 126 2,071 17, 584, 000 [Nobel esas 22,451 | 17,940] 236, 966,000 
Santa Barbara....| 1,015 240 14, 000, 000 


a Compiled from the reports of the County Horticultural Commissioners by Geo. P. Weldon, Chief Deputy 
and O. W. Newman, Assistant Secretary, State Commission of Horticulture. 

Some idea of the extent to which California is supplying the market 
requirements for lemons in the United States may be gained by re- 
ferring to Table III, which presents a comparison of all the imports 
of lemons into the United States, except from Cuba, and the ship- 
ment of California lemons. 

The Eureka, Lisbon, and Villa Franca are the important varieties 
of lemons grown in California. The Hureka variety is the most 
widely grown. The Lisbon variety is extensively grown in certain 
districts, particularly those near the coast, and its trees are being 


planted in increasing numbers. 


BUD VARIATION 


IN THE 


EUREKA LEMON. 
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The Villa Franca variety was used 


extensively during the early period of commercial lemon planting, 
but at the present time its propagation has been almost abandoned. 


TasB.LE III.—IJmports of lemons into the United States compared with lemon shipments 
from California, for the 19-year period from 1900 to 1918, inclusive. 
Shipments Shipments Shipments 
Year. | Imports. rom Year. | Imports.a from Year. | Imports. from 
California. California. California. 
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. 
1900...| 160,198,056 | 43,410,000 |] 1907...] 157,859,906 | 105,210,000 |] 1913...] 151,416,412 | ¢ 69, 120,000 
1901...| 148,514,614 | 87,720,000 || 1908...] 178; 490,003 | 148,770,000 || 1914...| 58,019,405 | ¢ 90,960, 000 
1902. _.| 164,075,309 | 84,480,000 |] 1909...] 135, 183,550 | 185, 880,000 |] 1915... 212, 040, 000 
1903. ..| 152, 004, 213 79,470, 000 || 1910...| 160,214,785 | 146,730,000 |} 1916... (4) 215, 580, 000 
- 1904...| 171,923,221 | 83,460,000 || 1911...| 134,968,924 | 206, 730,000 || 1917... 237, 450, 000 
1905...) 139, 084,321 | 128,220,000 | 1912...) 145, 639,396 | 183,990,000 || 1918... €190, 110, 000 
1906...| 188, 717, 252 | 113, 670, 000 


a Years ending June 30. 
Department of Commerce. 

> Years ending October 31. Figures from the California Fruit Growers’ Exchange. 

¢ Crops of 1913 and 1914 reduced by frosts. 

d Lmports from 1915 to 1918 are expressed in values rather than pounds and for this reason are not here 
presented. 

€ Crop of 1918 reduced by extreme heat in 1917. 


Figures jfrom the Bureau of Foreign and Domestic Commerce, U. S. 


HISTORY OF THE EUREKA VARIETY. 


The Eureka variety originated in Los Angeles, Calif. In 1858 Dr. 
Halsey, a physician of that city, received from New York City a box 
of Sicilian lemons. From seeds of these fruits he grew a number of 
trees in a small nursery which he owned on Alameda Street, Los 
Angeles, near the present site of the Southern Pacific Railroad depot. 
In 1860 Mr. Andrew Boyle purchased from Dr. Halsey several hun- 
dred of these seedling trees. They bore very lightly until 1870 and 
1871, at which time three or four of them were found to produce 
smooth, thin-skinned fruits very different from the thick-skinned and 
coarse-textured fruits produced by the other trees. In 1877 Mr. W. 
H. Workman, son-in-law of Mr. Boyle, gave to Mr. Thomas A. Garey, 
a prominent horticulturist of Los Angeles, buds taken from one of 
the seedling trees which was bearing smooth, thin-skinned lemons.' 
Mr. Garey propagated these buds, and the trees grown from them 
were found to bear lemons of superior quality. A large stock of the 
trees of this variety was then grown and distributed under the name 
of Garey’s Eureka.” Later, by common consent, the name of the 
variety was shortened to Eureka, under which name it is now gen- 
erally propagated and grown. 


VARIABILITY WITHIN THE VARIETY. 


The systematic studies of the variations of the California citrus 
varieties were begun with the Washington Navel orange in 1909. 
While carrying on studies of the variations of the Marsh grapefruit, 


1 Personal statement of Mr. W. H. Workman, 310 Washington Building, Los Angeles, Calif., March 21, 
1917, 

2 Letter from Mr. A. T. Garey, son of Mr. Thomas A. Garey, 200 West 47th Street, Los Angeles, Calif., 
March 19, 1917. 
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the striking variability of Eureka lemon trees in a neighboring orchard 
was discovered. This orchard consisted of about 16,000 trees which 
were six years old at that time. The buds from which the trees had 
been propagated were obtained from a_ well-known productive 
Eureka orchard in the same locality. The buds were procured in the 
customary way, two men having been sent to cut them with no 
thought of selection from superior individual trees. 


Fic. 1.—A typical lemon tree of the Eureka strain, 10 years planted. All of its branches are bearing 
flowers orfruitsin various stages of development. 


The usual habit of growth of the productive Eureka trees under 
observation was open and somewhat drooping (fig. 1), and the trees 
had medium-sized leaves which were oval and rounded in shape. 
The fruitful trees were bearing heavy crops of fruit during June, 1911, 
and every branch was apparently carrying blossoms and lemons in 
varying stages of development. 

However, here and there trees were observed having a very different 
habit of growth and condition of fruitfulness. These trees had a 
spreading habit of growth with large and sharply pointed leaves and 
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few blossoms or fruits. The fruits were usually ridged, rough in 
texture, with very thick peel and very little juice (PI. II), in strik- 
ing contrast with the smooth, very juicy, and thin-skinned (PI. 1) 
lemons borne by most of the trees. The unproductive trees were 
usually much larger than the productive ones, and the foliage was 
characteristically more dense and abundant. For these reasons they 
were commonly called shade trees. 

The differences in tree and fruit cnaracteristics of the two types 
of trees were so distinct and marked that typical trees of each strain 
could be determined at a glance and from a considerable distance. 

A careful individual-tree census of the 16,000 lemon trees in this 
orchard was made during June and July, 1911. As a result, 2,200 
trees, or 14 per cent, were found to have typical characteristics of the 
Shade-Tree strain. Furthermore, the systematic study of the trees 
revealed the presence of other undesirable strains not noticed at first. 

In order to throw some light, if possible, upon the large proportion 
of unproductive trees in this orchard, an individual-tree census was 
made of the parent orchard from which the buds had been procured. 
It was found that in the parent orchard only 5 per cent of the total 
number of trees were of the Shade-Tree strain. The explanation of 
this condition was found to be that the bud cutters found it easier 
to secure bud wood from the vigorous vegetative shade trees than from 
the less vigorous growing productive trees. There were many more 
vegetative branches, then commonly used for propagation, in the 
shade trees than in the productive trees. Consequently, without 
careful individual-tree selection based on performance records, the 
bud cutters naturally secured more bud pace — the shade trees 
than from the productive trees. . 

Characteristic differences in the trees of the several strains of the 
Eureka lemon variety were found to exist not only as shown by the 
habit of growth, the amount and the commercial quality of the 
fruits, the density and other characteristics of the foliage, but also 
in the season of production of the fruits, the number and size of thorns, 
the number, size, and shape of the seeds contained in the fruits, the 
structure of the flowers, and the variability of the fruits. 

Tree-census studies in many Eureka lemon orchards have revealed 
the fact that the variety is made up of a number of diverse strains 
arising from the propagation of striking bud variations. This con- 
dition of variability is important commercially, from the fact that 
the production of some of the strains is small and of very inferior 
quality, while other strains bear their crops during the late fall or 
very early spring when low lemon prices are the rule, making the crops 
of inferior value. 
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In these studies detailed performance records have been obtained 
on a total of 252 Eurekat lemon trees in the investigational plats. 
The individual trees in these plats have been picked monthly as far as 
possible. The frequent pickings and the resulting large amount of 
detailed work in assorting, classifying, counting, weighing, and 
recording the yields has made it necessary to limit to a comparatively 
small number the trees selected for individual-tree performance- 
record studies. The many pickings during a period of several con- 
secutive years have resulted in the accumulation of a very large mass 
of data and information, from which conclusions have been Le as 
to varietal, strain, and feebeneinell tree characteristics. 

In balditian to these detailed studies, cooperative individual-tree 
performance records have been carried on in several California lemon 
orchards during this period with about 14,000 trees of the Eureka 
variety. 

The variability of the Eureka lemon described in the discussion 
of the results of these studies, due to bud variations, must be clearly 
distinguished from the fluctuating variability due to climatic, soil, 
cultural, or other environmental influences. The variations con- 
sidered in these studies are those which have been found to be in- 
herent and transmitted by budding. The fluctuating variations, 
such as modifications of the size of the fruits, slight differences in the 
color of the leaves or fruits, and similar changes due to climatic con- 
ditions, cultural factors, or other causes, have not been taken into 
account except as indicating the effect of certain environmental 
factors in tree and fruit development. All of the variations considered 
in these studies have been traced to individual fruit or limb variations 
in trees growing under normal conditions. 


OBJECTS OF THE INVESTIGATIONS. 


The objects of these investigations have been to determine the 
frequency and importance of bud variations in lemon trees of the 
Eureka variety; to ascertain the relative value for commercial or- 
charding of the various strains originating from bud variations; to 
discover methods for isolating the best and eliminating the inferior 
strains through bud selection; to originate and introduce methods for 
replacing trees of inferior strains in established orchards through 
top-working or replanting; to introduce methods for obtaining relia- 
ble supplies of buds from superior performance-record trees for use 
by propagators; and to establish a system of individual-tree record 
keeping in commercial lemon orchards, in order to locate the desir- 
able and undesirable trees. 


1A report on variations in the Lisbon variety will be found in Department of Agriculture Bulletin No. 
815, entitled ‘‘ Citrus-Fruit Improvement: A Study of Bud Variation in the Lisbon Lemon.”’ 
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Two TYPICAL LEMON FRUITS OF THE SHADE-TREE STRAIN OF THE EUREKA 
VARIETY. 


The long shape, coarse texture, and thick rinds of these fruits make them of inferior commercial 
value. About three-fourths natural size. 
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PLAN OF THE INVESTIGATIONS. 


These investigations have been carried on by means of individual- 
tree performance records. The term ‘‘performance record”’ is here 
used to mean a systematic record for a period of several years of the 
yield and behavior of individual trees. This record includes accu- 
rate notes of the number, the commercial quality, and the variability 
and other characteristics of the fruits produced by the individual 
trees. It is usually accompanied by descriptive notes and photo- 
eraphs, or drawings, showing the characteristics of the habit of 
growth, the leaves and flowers, and the position or arrangement of 
the fruits on the trees. Individual-tree performance records for at 
least two consecutive and normal seasons on lemon trees which have 
reached full bearing age are considered necessary in order to deter- 
mine the value of the trees for commercial fruit production. Similar 
records for at least four years are advisable, in order to furnish an 
adequate basis for the selection of superior trees as sources of bud 
wood for propagation. 

The performance records presented in this bulletin have been made 
from full-bearing trees located in successful commercial orchards 
where the conditions have been particularly favorable for compar- 
ative individual-tree studies. It has been possible to compile these 
records only through the hearty cooperation of the owners of the 
orchards selected for study. The picking of the fruits has usually 
been done by members of the regular picking crew. The assorting, 
weighing, and counting have been done by the writers in the orchards 
immediately after the fruits have been picked. The crops of fruit, 
after the records have been finished, have been turned in with the 
crop from the orchard as a whole, except such specimens as have 
been needed for further study. Owing to the additional handling 
necessary for the classification of the fruits, particular care has been 
used in order to avoid as far as possible all mechanical injuries, which 
frequently lead to decay and consequent loss to the growers. 

The conditions considered in the location of the individual-tree 
performance-record plats were as follows: (1) The production of 
successful and profitable crops of fruit; (2) location on virgin land, 
in order to avoid any influence of previous cultural treatments; (3) 
protection from cold, strong winds, or other climatic causes of tree 
and fruit injuries; (4) the absence of radical pruning, rebudding, 
top-working, or other similar tree treatments; (5) freedom from or 
the effective control of diseases and insect pests; (6) uniform irriga- 
tion and cultural practices during the entire history of the orchard; 
(7) reliable information concerning the history of the buds used in 
the propagation of the trees and the kind of stocks; (8) the prospect 
of settled ownership for a period of years; and (9) the absence of 
apparent local environmental factors influencing tree behavior, in 
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order that the results of the individual-tree studies might be truly 
comparative. 

As a result of experience in similar work with other varieties, the 
performance-record plats of Eureka lemons were located so that they 
included representative trees of several important strains. The 
records of the performance of these typical trees constitute the basis 
for comparing the production of the different strains and their value 
for commercial orcharding. 

The original plat included 105 trees. Later, additional trees 
representing important strains were added, in order to secure as 
complete information as possible concerning the variability of the 
strains. By the selection of plats in uniform soil areas and in sections 
with the same altitude, like exposure, and comparative drainage 
conditions, it is believed that the results obtained are less affected by 
fluctuations due to variations in soil fertility, soil moisture, and other 
environmental factors than would be the case if the records of all of 
the trees in the orchards were used for comparison. 


METHODS OF KEEPING PERFORMANCE RECORDS. 


The methods of keeping the individual-tree performance records 
in the lemon plats were adopted as a result of the experience gained 
during the preceding similar study of orange and grapefruit trees. 

These methods involve more detailed observations than is usually 
considered necessary in commercial-orchard practice. A modification 
of these methods, adapting them for regular lemon-tree record keep- 
ing, is described in Farmers’ Bulletin 794, entitled ‘‘Citrus-Fruit 
Improvement: How to Secure and Use Tree-Performance Records.”’ 


TREE NUMBERS. 


The individual lemon trees were given numbers so that the data 
obtained from the study of each tree could be kept separate during 
the entire period of observation. Hach number consists of three parts 
—the number of the block in which the tree occurs, the number of 
the row in the block, counting from some fixed point (as, for example, 
the irrigation head), and the number of trees in the row. Where 
several different orchards are under observation, the tree number is 
preceded by the name of the orchard or an abbreviation indicating it. 

In the case of bearing trees it is most desirable to paint the number 
on the tree trunk or on one of the main limbs. The figures should be 
large and plain, so as to be readily identified from some distance. 
Ordinary white-lead paint and a small brush are the materials used 
for tree numbering. The numbers, when properly applied, have re- 
mained in a satisfactory condition for six or seven years. Where it 
is desirable to number small trees, the number may be stamped on a 
metal tag, or painted on a wooden label, and attached to one of the 
branches. The numbers should always be placed in the same relative 
position on all of the trees, so that they can easily be found. 
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PICKING. 

The fruits borne by the trees in the performance-record plats were 
picked when reaching a certain size, as determined with the aid of 
metal picking rings, using each month a ring of the same size as that 
used by the regular picking crew in the orchard. While the sizes of 
rings varied somewhat with different pickings, all of the fruits of each 
picking were measured with a ring of the same size, so that the pickings 
from the individual trees were comparable. Particular care was 
taken that no mixing or loss of fruits from the individual trees occur- 
red. The fruits from all the trees picked during the day were studied 
the same day, after which they were sent to the packing house to be 
included with the remainder of the crop. The clippers used by the 
pickers, the picking sacks, and the field boxes were all regularly 
inspected, in order to prevent as far as possible mechanical injuries 
_ to the fruits, which frequently lead to decay. Every effort was made 
to arrange the picking and handling of the fruits from the perform- 
ance-record trees so as to cause the least possible inconvenience and 
loss to the owners of the orchards. 


ASSORTING. 


The lemons from each of the performance-record trees at each pick- 
ing were assorted into three grades, viz, Green, Tree-Ripe, and Cull. 
In the Green grade both the light and dark green fruits were included; 
the, Tree-Ripe grade included the yellow ripe fruits, and the Cull 
gerade included unmerchantable lemons. The Green grade was made 
up of the valuable commercial fruits. The Tree-Ripe grade was made 
up of mature or prematurely ripened fruits, usually of small size with 
thin rinds and an abundance of juice which was lacking in acidity. 
Fruits of the Cull grade were frequently extremely coarse, rough, or 
malformed, rendering them unfit for the market. Fruit which 
dropped to the ground between picking periods was also included in 
the Cull grade. 

After the fruits from each tree were assorted, each lot was weighed 
and the number of lemons counted. These data were recorded in the 
field-note forms, as shown in Table IV. 

The variable fruits in each picking from each tree were sorted and 
classified, after the other performance-record data had been recorded. 
Frequently, samples of fruits were saved for photographing or for 
special studies. In some cases photographs and notes of the trees 
were taken, showing their habits of growth, the characteristics of 
the foliage or flowers, and other phases of tree behavior. 

At the time of each picking, one fruit of the Green grade, one of the 
Tree-Ripe grade, and one of the Cull grade were selected from the crop 
of each tree and examined for seeds. The fruits were cut, the seeds 
carefully removed, counted, dried, and reserved for further study. 
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In the event that any samples of fruits of any of the grades were 
missing, so that the seeds could not be counted, a statement of this 
fact was made in the note form by using the sods ‘Not counted.”’ 
Figure 2 shows the simple equipment used in making individual-tree 
performance records and the method of handling it. 


Taste 1V.—Forms for field use in investigational work for making individual-tree 
performance records, showing the data from four lemon trees of the Eureka variety on 
the Chase plantation for the picking in April, 1916. 


[Horticultural and Pomological Investigations, B. P. I. form 110 B. Space is provided for recording the 
gross, tare, and net weights, or for the data for two boxes of fruit separately for each tree. These four 
ttees are listed in ranks 105, 35, 82, and 34, respectively, in Table Vland in figure9. Therecord for tree 34- 
75-16 for. the season of 1915-16 is Shown in Table Vv, and its record for six seasons is tabulated in rank 35 
in Table VIII.] 


A.— Front of sheet, showing the form for recording the weight and number of the fruits of the different grades and 
the number of seeds in three typical fruits from each tree. 


Grove, Chasez plintation, Plat, 34. Row, 75. Date, April 28,1916. Variety, Eureka. 


Fruits. Seeds. 
Tree-Ripe é 
Tree No. Green grade. grade. Cull grade. Total crops. _ 
ae Green| Ring | Cull 
grade. grade. grade 
Weight. Bum, Weight. pu Weight. Nupy, Weicht. cee 
Lbs. 02 
22-15 ’ 
ai1-15 
34-75-15..--------- —_— Lbs. 02 Lbs. 02. Lbs. oz. 
11-0} . 38 0-12 3 0- 4 2 12-0 43 5 0 5 
55- 3 
LTO OS hoes: Meare 
| 89-9 | 145 3- 1 13 1-2 7 43-12 | 165 17 5 10 
lf 36-8 
Cy i Eh sea 2a ye 
|| 20- 3 78 | 2-5 10 2-10 16 25= 2 104 17 11 9 
| 24-5 | 86 
34°75 18h ee Be) ie 
64- 5 234 6-12 28 1-7 10 72- 8 272 21 21 10 
| = —— 
B.—Back of sheet, showing the form for recording the variable fruits found on the trees. 
Tree. Tree. 
Variable fruits. Variable fruits. 
15 16 iv 18 15 16 17 18 
Collared 2220s 20s eee 8 al een 8 || Ridged, collared and pro- 
Collared and protruding..---- E truding ae, Fae e SEE ee sake 
Protruding blossom end.. .|| Sunken section. . : 
Bottle shape ...-.-.-------- .|| Creased ...------ 
Raised section . . - At ObWejesesonses sec 
aise dpnid genre. sas seats Abnormal shape. . pa bers 
RiGee deta sess hee wenck ears eas ; MONAT Sc ooceseadaseoness 
Ridged and collared -........- Snnibirm see eee 
Ridged and protruding -.....'-.--- 


a Tare to be deducted from total weight. 


In some cases, in order to study the fruits after curing, the crops 
from each tree were kept separate and stored in the packing house for 
a period of six weeks to two months. After curmg, the lemons were 


BUD VARIATION IN THE EUREKA LEMON, dig | 


again assorted and classified according to their condition and appear- 
ance. These studies were made for the purpose of correlating the 
condition of the freshly picked with that of the cured fruits. During 
storage the atmospheric conditions in the curing room were main- 
tained as nearly as possible at 70° F. and at 90 per cent relative 
humidity. 


Fic. 2.—Shelter and apparatus used in obtaining performance-record data from lemon trees. The fruit 
and equipment apparatus were moved out of the shelter temporarily in order to take the photograph 
used for this illustration. 


RECORDING THE DATA. 


The data obtained from the study of the fruits picked from each 
tree at each picking were recorded in special field-note forms, as shown 
in Table IV. In addition to these data, other notes concerning the 
individual-tree behavior were made from time to time. As soon as 
possible after each picking the individual-tree data were transferred 
to forms providing for a maximum of twelve pickings, or monthly 
pickings for one year, as shown in Table V. When the complete 
record for an entire year had been obtained, the data showing the 
total production for the year, together with accompanying observa- 
tions, were transferred to a form providing for the brmging together 
of the data on the individual trees for a period of several years, as 
shown in Table VIII. Photographs of interesting trees, fruits, 
flowers, and foliage were frequently taken, in: order to fix definitely 
in the records important phases of tree behavior and fruit charac- 
teristics. 
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TasLte V.—Performance record of lemon tree number 34-75-16, Eureka strain, showing 
the weight and the number of fruits of each grade and the number of seeds per fruit pro- 
duced each month during the season of 1915-16. 


[This record illustrates the form used to assemble the data for each tree for each season. In practice the 
variable fruits produced by the tree each month are recorded on the back of the form. ‘The weights are 


givenin pounds and ounces. 


This tree is listed in rank 35in Tables VI and VIII and in figure 9.] 


Date, 1915-16. Variety, Eureka. Strain, Hureka. Grower, National Orange Co. Location, Corona, Calif. 


Character of data. 


Weight of fruits: 
Green grade 
Tree-Ripe grade... 
Cull grade 


Votale-s-sn= ee eo 


Number of fruits: 
Green grade 
Tree-Ripe grade... 
Cull grade 


Average number of 
seeds: 
Green grade. . - 
Tree-Ripe grade... 
Cull grade 


Variable fruits: 
Collared 
Collared and pro- 

trudin 
Protruding 
som end 
Raised ridge: .----- 
Ridges. 222.222 ans 
Ridged and col- 
lared 
Ridged and pro- 
truding 
Creased 


blos- 


Grove, Chase plantation. 


Plat, 34. 


Row, 75. 


Date, season of 1915-16. 


July 
22. 


Aug. |Sept.| Oct. | Nov.| Dec. | Jan. | Mar. 
7 eas (ioe Way fige Pes pel lob aoe Woe 
10-10 |16-13 |32-11 | 4-14 | 3-11 |15- 2 [19-11 
4-12 | 415 | 4 5 |14-10 [33-11 | 3-12 | 1- 6 
1 54 1-0-1104 4 ae | 027 oes 
16-11 |22-12 |38-10 |20-12 |37- 8 |19- 5 [21-8 
39| 65| 129] 19| 14| 55] 73 
22 \"in Oke) = Tele 260 AByalae os 9 
9 Benes 8 1 2 3 
704 97-1. 463-1. 871 sone eae es 
6 el tO 0 0 0 0 
11 3 3 7 4 5 5 
5 1 5 6 3 3 5 
po Sadie Talents 7 8,|-= 20 
0 0 1 1 We aaa) eli 
o| 0 0 2 Q7[5S an | ae 
Of! oe eas 0 3 6 
0 0 3 0 1 Pp 1) 
0-22.22 -0| <> 0 0| -01.-0 
: 
=0 o| 0 0 0 0 0 
0 0} o0y- 0|=-0 0 0 
0 heat 0 0 0) 4 
0 Bananer 4 Ba. sie ae 


-| 


Tree, 16. 
Mar. | Apr. 
24. | 28. 
13-14 |39- 9 
0-0} 3-1 
0-15 | 1- 2 
14-13 |43-12 
52 145° 
0 13 
5 7 
57 165 
12 17 

asad 5 

17 10 

29- 32 
6 9 
3 0 
if 0 
0 0 
1 7 
0 0 
1 0 
0 0 

18 16 


May | June 
27. | 29. 
30-10 | 8- 7 
33- 4 | 9--9 
6-10 |10- 8 
70— 8 |28- 8 

121 33 
154 44 
41 61 
316 | 138 
16 4 

8 9 
8 15 
32 28 
16 2 
7 ea! 
1 0 
2 0 
9 0 
2 0 
0 0 
0 1 
30 4 


Buggy 
SoHo 
eaeKoC) 


i 


~I 


pa 


153 


An important consideration in obtaining reliable individual-tree 
performance records is that the data be obtained and recorded in the 
field, at first hand, while the observations are fresh and clear. 
these studies the notes were made during the actual work of picking 
and classifying the fruits. It frequently happens that in the selection 
of parent trees as sources of bud wood or in selecting inferior trees for 
top-working, the final choice is strongly influenced by notes concern- 
ing the tree behavior and characteristics of fruiting. The close obser- 
vation of tree and fruit characteristics during a considerable period of 
time results in the development of an intimate tree knowledge, which 
is invaluable in the work of caring for the individual tree and in 
drawing conclusions as to the value of individual trees and strains for 
fruit production. 


In 
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DESCRIPTIONS OF THE IMPORTANT STRAINS. 
EUREKA STRAIN. 

The Eureka strain is the most productive and valuable in the 
Eureka variety. It was at first called the Open-Productive strain, 
and the performance-record data of the trees of this strain were 
recorded under that name during the entire period of these studies. 


Fic. 3.—A typical lemon tree of the Eureka strain, seven years planted, showing how the heavy load of 
fruit pullsthe branches into drooping positions. The characteristic habit of trees of this strain in setting 
fruits on the ends of the branches can be seen in this illustration. : 


The name Open Productive was adopted because of the characteristic 
habit of growth and the heavy production of the trees in this strain. 
The characteristics of its trees and fruits are typical of those usually 
thought of in connection with the trees and fruits of the Eureka 
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variety. For this reason and in the interest. of simplicity of nomen- 
clature, the name Open Productive has been dropped and Eureka 
Saeed in its place. 

The habit of production of the trees of the Eureka strain in the 
performance-record plats includes the heavy bearing of high-quality 
fruits which first set at the ends of the branches, frequently in clus- 
ters. As the branches bend down from the weight of the end fruits, 
others set along the branches in the axils of the leaves until 15 to 20 
fruits are sometimes produced by a single branch. The lemons 
develop in their order from the tip to the base of the branches. The 
trees have a tendency toward regular production throughout the year, 
in contrast with the trees of some other strains which tend to bear 
their crops largely during the fall or the spring or some other limited 
season. The comparatively heavy production of good commercial 
lemons regularly throughout all seasons of the year under normal 
conditions is a very important characteristic of the trees of this 
strain. 

The habit of con of the trees is open, as shown in figure 1. 
Usually the fruits first set at the ends of the branches, and as the 
lemons. develop in size and weight the limbs are “lla down in a 
somewhat drooping position, as shown in figure 3. This condition 
results in a somewhat open and drooping arrangement of the branches, 
and, as a result, the trees are opened up to the sun and air. One dis- 
advantage of this habit of tree growth is that the fruits are more 
likely to be injured by sunburn or extreme climatic conditions than 
those borne by trees having a dense habit of growth. Few or no 
suckers are produced by the trees of this strain. The leaves of the 
trees of the Eureka strain are rather sparse in number, usually of 
medium size, broadly elliptical and bluntly rounded in shape, with 
slightly crenate margins and of a deep-green color. The rounded 
leaves in contrast with the sharply pointed ones of some other strains 
are a striking and important characteristic of the trees of this strain. 
The blossoms are perfect, as shown in figure 4, A, and the anthers 
produce viable pollen. Under normal conditions the trees bloom to 
some extent at all seasons, but most heavily during the spring and 
fall months. There is no period of the year when blooms and fruits 
in various stages of growth are not present. 

The typical fruits of the Eureka strain, as shown in Plate I, are ab: 
long in shape, medium in size, with smooth texture, thin cnt tender 
rag, an abundance of juice, andl have an average of about seven seeds. 
Frequently the fruits are slightly ridged. The flesh of the fruits is 
usually solid and firm. When cured they have a very smooth, satin- 
like texture and a light-straw color. The receptacle, or button as it 
is ordinarily called, is usually raised above the surface of the rind 
somewhat, so that in picking it is possible to sever the stem close to 
the button without injuring it or the rind with the clippers. Under 
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favorable curing conditions, the button remains green in color and 
firmly attached to the fruit. If the button is cut or injured in picking, 
it is hable to turn brown and become detached from the fruit during 
the curing process. 


SMALL-OPEN STRAIN. 


The name Small Open, as applied to this strain, is descriptive of the 
size of the lemons and the habit of tree growth. The main point of 
difference between this and the Eureka strain lies in the shape and size 
of the fruits. In shape the fruits are more nearly globular, and they 
are smaller in size than the typical fruits of the Eureka strain. The 
habit of growth of the trees is open, like that of the trees of the Eureka 


Fic. 4.—Characteristic lemon flowers of three dif- 
ferent strains of the Eureka variety, with part 
or all of the stamens removed in order to 
show the comparative development of the pis- 
tils: A, Typical flower from a tree of the 
Eureka strain with pistil fully developed; 
B, dwarf pistil in typical flower from a tree 
of the Shade-Tree strain; C, flower with pis- 
til lacking from a tree of the Dense-Unpro- 
ductive strain, such as are frequently borne 
by trees of the Shade-Tree strain. 


strain. In fact, from casual 
observation little difference 
can be detected between trees of the two strains, but the difference 
at once becomes apparent upon close examination of the fruits. 
Commercially, the difference in the shape of fruits is very important, 
in that itis much more difficult to make an attractive pack with globu- 
lar fruits than with the characteristic oblong fruits of the Eureka 
strain. 

The production of the trees of the Small-Open strain in the perform- 
ance-record plats has been less than that of the trees of the Eureka 
strain. The season of production is about the same as that of the EKu- 
reka strain. The habit of growth is open. The size, shape, number, 
and color characteristics of the leaves are the same as those of the 
Eureka strain, so far as-observations have been made. The bloom 
characteristics are very similar to those of the Eureka strain. 


16 BULLETIN 813, U. S. DEPARTMENT OF AGRICULTURE. 


The typical fruits are globular, almost spherical in shape, of medium 
to small size, have a smooth texture, and are without the rather dis- 
tinct ridges characteristic of fruits of the Eureka strain. - They are 
likely to have a marked depression or crease on the blossom end. The 
rind is thick, the rag tender, the juice abundant, and the average num- 
ber of seeds in each fruit 1s about six. 

One of the characteristics of the fruits of this strain develops during 
curing. As arule, the fruits cure much more slowly than those of the 
Eureka strain. The color change takes place very slowly, so that in a 
lot. of fruits of mixed strains it is sometimes necessary to sort out those 
of the Small-Open strain and retain them in the curing rooms for a 
longer period than the fruits of some other strains. This condition is 
unsatisfactory in the handling and curing of lemons, in that it adds to 
the expense of assorting and delays the packing and shipment of the 
fruits, while the additional handlings are likely to result in mechanical 
injuries, which often lead to decay and loss to the growers. 


SHADE-TREE STRAIN. 


The name Shade Tree was adopted for this strain because the trees 
have a spreading habit of growth, with luxuriant foliage. At certain 
seasons they have few or no fruits, making them somewhat resemble 
ornamental trees grown for shade rather than trees cultivated for 
their fruits; ~. 4 ; 

The production of the trees of the Shade-Tree strain is very much 
less than those of the Eureka strain, and the fruit is of very inferior 
commercial quality, from the standpoint of both the fresh and the 
cured fruits. The production is largely a seasonal one, the main crop 
being borne during the fall and winter seasons. 

In assorting the fruits of the Shade-Tree strain picked in the perform- 
ance-record studies it was found that an unusual proportion of the 
lemons was dark green. This condition was found to be due to the 
fact that the crops of these trees were largely borne during the season 
when environmental conditions were favorable for the growth of the 
fruits and from the fact that the crops were very small in comparison. 
with the size of the trees. 

In the beginning of these studies the green fruits of the Shade-Tree 
strain were included in the first or Green grade, because they were 
greenin color. Later studies, not only of the freshly picked fruits but of 
the cured lemons as well, brought out clearly the inferior quality of the 
fruits, as shown by their thick rinds, coarse rag, and scant juice. Not- 
withstanding the discovery of these facts it was decided to continue 
the classification of the fruits of the Shade-Tree strain under the Green 
grade because this characteristic is one which can be unmistak- 
ably distinguished in the work of assorting the grades in the orchard. 
It must be kept in mind that in the case of the crops of the Shade- 
Tree strain the green color is not synonymous with high grade and 
quality. In fact, the reverse is true, and if the fruits from these trees 
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had been graded strictly on the basis of the commercial quality of the 
cured fruits most of them would have been classified as second grade 
or culls. The results of the studies of the behavior of the fruits of this 
strain in the curing room emphasizes the importance of this phase of 
these studies and its desirability in the work of the selection of parent 
trees as sources of bud wood for propagation. . 

The habit of growth of the trees is spreading, as shown in figure 5, 
the main limbs growing in somewhat horizontal positions. Some of 


Fig. 5.—A typical lemon tree of the Shade-Tree strain of the Eureka variety, 10 years planted. The trees 
of this strain grow vigorously and attain great size, but produce only light crops of inferior fruits, which 
are lacking in juice and acidity. 

the branches, particularly the very vigorous growing vegetative ones, 

or suckers, have an upright habit of growth. The trees of this strain 

usually develop more suckers than those of the Eureka strain. 

The general appearance is that of a wide-spreading shade tree. The 

leaves are usually large, tapering to sharp points, and profuse, and 

the margins are usually smooth or slightly wavy and have a deep- 
green color. Frequently the large leaves are acutely pointed at the 
135336°—20—Bull. 813——2 
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tips. The characteristically pointed shape of the leaves often assists 
in the identification of the trees of this strain. 

One of the very important tree characteristics of this strain is the 
large number of imperfect flowers produced. Usually the blooms 
are very abundant, but most of them fall from the trees. Investiga- 
tion of this condition established the fact that many of the flowers 
are imperfectly developed. Usually the pistils in these imperfect 
flowers are either rudimentary or absent, as shown in figure 4, B 
and C. In either case the flowers fall from the trees soon after open- 
ing. Furthermore, the anthers of the perfect flowers have frequently 
been found to contain very little or no pollen. The pollen grains in 
many instances apparently have such a low vitality that they either 
do not germinate or, after germinating, they do not complete the 
processes of fecundation. For this reason the fruits of this strain 
usually have but few seeds. The imperfect development of the flowers 
probably accounts in part for the low production of the trees of this 
strain, and this characteristic is one by which the trees can frequently 
be identified. . 

The fruits borne by the trees of this strain, as shown in Plate II 
are usually oblong, longer than is the case with fruits of the Eureka 
strain, of large size, coarse and rough in texture, with a strong ten- 
dency to ridging. The rind is normally very thick. The rag is 
coarse and very abundant; the,juice is scant, sometimes being almost . 
entirely absent, poor in quality and lacking in acidity; and the seeds 
average less than two per fruit. The fruits of this inferior strain are 
distinctly detrimental in every way to the crops in which they occur. 

Tree-census studies in the Eureka lemon orchards in southern 
California have shown that the number of trees of the Shade-Tree 
strain varies from 10 to 70 per cent. On the average, 25 per cent 
of the trees in these orchards were found to be of this strain. . These 
trees, owing to their vigorous vegetative condition, are well adapted 
to top-working. Performance-record studies of such top-worked 
trees have shown that under favorable climatic and cultural conditions 
they can be brought to profitable production of good fruit within 
three years. 

The Shade-Tree strain is one of the most important in the Eureka 
variety, from the fact that the trees, flowers, and fruits have unmis- 
takable characteristics and also owing to its extensive occurrence 
in many Eureka orchards. Its elimination m established orchards, 
through top-working with selected buds from trees of the Eureka 
strain, will increase and improve the production in many orchards 
not less than 25 per cent. Its propagation in the future can be 
avoided largely through bud selection from superior performance- 
record trees of the Eureka strain. 
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DENSE-UNPRODUCTIVE STRAIN. 


The trees of the Dense-Unproductive strain are the least productive 
of any of those of the Eureka variety under observation in the per- 
formance-record plats, and the light yield of these trees is coordinated 
with a correspondingly inferior quality of the fruits. In many ways 
they resemble the trees of the Shade-Tree strain. The crops of 
fruit are borne at about the same season, but the habit of growth of 
the trees, instead of being spreading, is more erect and dense, as 
shown in figure 6. 


Fig. 6.—A typical lemon tree of the Dense-Unproductive strain of the Eureka variety, 10 years planted 
The vigorous and dense vegetative characteristics and lack of fruit are very marked. 


The trees usually have a large amount of vigorous vegetative 
growth, or suckers. The leaves are usually not as large as those of 
the Shade-Tree strain, but in general their shape and color are very 
similar. The number of leaves produced by the trees of this strain 
is greater than is the case with the trees of the Shade-Tree strain. 
The percentage of imperfect flowers of the trees of this strain is larger 
than in those of the Shade-Tree strain. This abnormal condition of 
the*blossoms is partly responsible for the light yield of fruits of the 
trees of this strain. The pistils are often small, rudimentary, or 
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lacking, as is shown in figure 4, C. The pollen of the flowers is scant 
in quantity and of low vitality. This condition accounts for the few 
seeds found in the fruits, as a rule. Occasionally, in a perfect flower 
the anthers develop an abundance of viable pollen, in which case the 
fruits set the normal number of seeds. 

The fruits, as shown in Plate III, are oblong, of large size, coarse 
in texture, and have very thick rinds. The rag is tough and abun- 
dant; the juice is scant, of poor flavor, and low acidity; and the fruits 
have an average of 24 seeds. 


Fic. 7.—A typical lemon tree of the Pear-Shape Eureka strain, 10 years planted. The trees of this strain 
develop many small branches, giving them a dense appearance. They produce smooth, pear-shaped 
. fruits with long necklike stem ends which are objectionable in packing the fruits for the market. 


PEAR-SHAPE STRAIN. 


The Pear-Shape strain was given a name descriptive of the shape 
of the typical fruits. While the trees and fruits differ in many charac- 
teristics from those of the other strains, the peculiar shape of the 
fruits is especially marked. These fruits must be clearly understood 
to be normal and healthy ones and not the diseased, undeveloped, 
or misshapen fruits often borne by trees suffering from unfavorable 
cultural conditions. 

The season of production of the fruits by the trees of the Pear-Shape 
strain is similar to that of trees of the Eureka strain and is more or 
Jess regular throughout the year. The yield is usually medium, but 
on account of the peculiar bottlelike shape of the lemons it is of 
inferior commercial value. 
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Two TYPICAL LEMON FRUITS OF THE DEN E-UNPRODUCTIVE STRAIN OF THE 
EUREKA VARIETY. 


About three-fourths natural size. 
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Two TYPICAL LEMON FRUITS OF THE PEAR-SHAPE STRAIN OF THE EUREKA 
VARIETY. 


These fruits havesmooth texture, long-necked stem ends, and thin rinds, and are poorly adapted 
for making a good commercial pack. Aboutiour-fifths natural size. 
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BRANCHES AND FRUIT FROM A LEMON TREE OF THE VARIEGATED STRAIN OF THE 
EUREKA VARIETY. 


The characteristic markings on the leaves, fruit, and young wood (see branch at left) are here shown. 
At the right is a twig with leaves which are entirely straw colored, bearing a terminal blossom, 
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Bul. 813, U. S. Dept. of Agriculture. PLATE VII. 


A TYPICAL EXAMPLE OF UNDESIRABLE FRUITS BORNE AS LIMB VARIATIONS 
ON A EUREKA LEMON TREE. 


The three coarse fruits were {rom two limb sports produced by a tree bearing normal, smooth 
Eureka lemons on all its other branches. About four-fifths natural size. 
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The trees, as illustrated in figure 7, are very finely branched; so 
much so that they can quickly be identified by the masses of small 
branches and their rather brushlike appearance. The leaves are 
usually small in size, ovate in shape, with sharply pointed tips, 
abundant in number, and of a rather light green color. The flowers 
are perfect and similar to those of the Eureka strain except that the 
pollen is usually small in quantity and of low vitality. 

The typical fruits of the Pear-Shape strain, as shown in Plate IV, 
are conspicuously and markedly different from the fruits of the other 
strains. The lemons are oval or pear shaped, with frequently elon- 
_gated or bottle-necked stem ends, and of small to medium size. The 
rind is thin and of a very smooth, fine texture. The rag is tender, 
and the juice is abundant and of low acidity. The fruits average 
about two or three seeds. 


DENSE-PRODUCTIVE STRAIN. 


The trees of the Dense-Productive strain differ from those of the 
Eureka strain mainly in their habit of growth and density of foliage. 
These trees have a dense appearance, owing to the larger number of 
branches and leaves, and the fruits are largely covered by the pro- 
tecting foliage. The leaves are of medium size, oval shape, obtuse, 
abundant in quantity, and from deep to dark green in color. The 
flowers closely resemble those of the Eureka strain. 

The fruits are oblong, medium in size, of smooth texture, and with 
little or no tendency to ridging. The rind is medium thick, the rag 
is tender, the juice is abundant and of high acidity, and the fruits 
average between six and seven seeds. 

Owing to the habit of growth of the trees and the density of foliage, 
the fruits are less likely to climatic injury, or sunburn, than those of 
the Eureka strain. This condition makes up in part for the somewhat 
lower production of the trees of this strain as compared with those of 
the Eureka strain in the performance-record plats. 


VARIEGATED STRAIN. 


In the tree-census studies of Hureka lemons in the orchard in which 
the performance-record studies were carried on, branches bearing 
one or more variegated fruits and entire trees preducing crops of 
variegated lemons were discovered. On account of the striking color 
contrasts of both the fruits and the foliage, representative fruits, 
branches, or trees of the Variegated strain were easily located. 

The habit of growth of the trees of the Variegated strain is open, 
the production of fruits is good, and the trees bear fruits during all 
seasons of the year. The bark of the young branches is variegated 
with fine stripes of shades of green and straw color (Nos. 31 L, 29’, 
25’’"b, and 21’d of Ridgway’s Color Standards, edition of 1912). 
The leaves are oval in shape, obtuse, of medium size, fairly abundant 
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in number, and variegated in color, as shown in Plate V. The white 
and green sections of the leaves occur in areas of variable size and 
shape, in some cases the leaves being almost wholly green, while in 
others they are nearly or entirely white. The flowers are perfect and 
apparently like those of the Eureka strain. 

The fruits are oblong in shape, of medium size, and rough or ridged 
in texture. The rinds are thin. The rag is tender, and the juice is 
abundant and somewhat lacking in acidity. The seeds are similar in 
number to those of fruits of the Eureka strain. 

The fruits have a striped appearance, usually with alternate green 
and white areas. Accompanying this appearance there is usually a 
ridged condition which accentuates the striped appearance. The 
ridges are usually green and the intermediate spaces white. Not 
only are the leaves and fruits striped or variegated, but the bark of 
the branches on the trees of this strain also has a similar appearance. 

The rough texture of the fruits, their variegated appearance, and the 
thin rinds, which are liable to split, makes them of inferior commercial 
value. Many citrus growers in California have taken bud wood from 
the variegated trees in the performance-record plats in order to grow 
one or more trees for ornamental purposes. 

The chief value of this striking variation lies in its occurrence as 
single-fruit, branch, and entire-tree variations of the Eureka variety, 
thus demonstrating its origin from bud variations. 


SPORTING STRAIN. 


In one instance in the performance-record plats, and occasionally 
throughout the 250-acre grove of Kureka lemons in which these plats 
are located, trees have been found in vigorous vegetative condition 
with many branch variations, as shown by both the vegetative and 
fruit characteristics. In a Sporting tree in one of the performance- 
record plats, different branches, all grown from a single bud, produce 
typical fruits of all of the strains under observation and several minor 
variations of the Eureka variety. Plate VI shows specimens repre- 
senting several strains and variations borne on one tree grown from 
a single bud. A similar condition of variability has been observed 
frequently, so it seems apparent that there exists a strain of the 
Eureka lemon which breaks up into many variations having very 
diverse characteristics. Other trees are often found in which only 
one or two branches are producing fruit of some strain or variation 
different from the rest of the tree, as illustrated in Plate VII. 

The trees of the Sporting strain vary in productiveness and season 
of production corresponding to the proportions of the various strains 
produced by them. If the productive strains are dominant, the trees 
are productive, while if the unproductive strains are most evident 
the trees are unproductive. As a rule, the trees are comparatively 
large and show a very vigorous vegetative condition, as illustrated 
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in figure 8. Usually they develop a spreading habit of growth. The 
leaf, flower, and fruit characteristics are similar to those of the strains 
represented in the trees. 

It seems probable that these large fine-appearing trees of the 
Sporting strain are responsible for some of the variability of varieties 
existing in the established lemon orchards of California. Their hand- 
some appearance naturally attracts the eye of the bud cutters and 
their vigorous vegetative growth makes it possible to secure a large 
number of buds from each tree. 


Fig. 8.—A typical lemon tree of the Sporting strain of the Eureka variety, seven years planted. This 
treeis mostly made up of branches showing the characteristics of the Shade-Tree strain, but other strains 
including the Variegated, Pear Shape, Eureka, and Small Open are represented. 


This strain is very undesirable, not only from the standpoint of the 
mixture of fruits, necessitating additional care in assorting them 
during packing, but also from the danger of the trees being used as 
sources of bud wood by inexperienced propagators. 


LESSONS TAUGHT BY THESE INVESTIGATIONS. 


The performance-record studies of individual trees of the Eureka 
lemon have been particularly interesting, for the reason that the 
frequent pickings have made possible almost continuous systematic 
observations throughout the entire year. 
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The performance-record studies reported in this bulletin have been 
carried on during a period when the propagation of lemon trees 
has been particularly active. The lemon industry has expanded 
rapidly during this time, and the information gained in the course of 
these investigations has been utilized generally in the propagation of 
the trees for the large new plantings. A very large number of buds 
from the superior trees of the Eureka strain in the performance-record 
plats have been furnished to propagators. These buds from the 
individual parent trees have been kept separate, so that each progeny 
can be traced at any time from the orchard planting to the parent 
trees.. Not only have a great number of buds been taken from the 
best performance-record trees for propagation commercially, but 
buds from some of the poorest trees have also been propagated at the 
same time, in order to compare under orchard conditions the behavior 
of the progenies of the most desirable with those from the undesirable 
parent trees. The active interest shown by lemon growers in these 
studies has given the work an additional interest. 

The early fruiting of the young trees propagated from the select 
trees in the performance-record plats permits comparatively quick 
opportunities for measuring the results of bud selection. The uni- 
formly heavy and superior production of the progenies from the 
desirable parent trees and the light production of inferior fruits of the 
progenies from the undesirable parent trees have demonstrated 
conclusively the importance of bud selection in lemon propagation. 
The information gained from these investigational individual-tree 
performance-record data, the demonstrations of the important 
results of bud selection, and the related observations made during 
the course of these studies have been the basis upon which have been 
developed the present improved methods of practice in California 
in keeping individual-tree records, in the selection of undesirable 
trees in established orchards for top-working or removal, and in the 
choice of superior trees as sources of bud wood for propagation. 

It is desirable to emphasize the fact that the conclusions presented 
here have not all been derived from a study of the performance-record 
data alone. Some phases of tree and fruit characteristics can not 
be recorded in figures or reproduced by illustrations. These inde- 
finable characteristics are of importance and usually are perceived 
only by those who have a natural aptitude for this kind of work. 
The intimate tree knowledge essential for this work is gained only by 
almost daily and continuous contact with the trees and fruits. The 
instinct enabling the observer to distinguish one strain of tree or 
fruit from another and to select the best from among many indi- 
viduals is almost, if not equally, as important as the actual tree 
records themselves. 
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Within some of the strains are marked variations of importance 
commercially, but not so striking as the variations which distinguish 
the strains themselves. These individual-tree differences in the 
strains should be taken into account by the performance-record 
keeper and this knowledge utilized in the selection of trees for top- 
working or for use as sources of bud wood. 

Fortunately there is a marked correlation between the quantity and 
quality of the fruits produced by the individual trees of the different 
lemon strains. The trees bearing the most lemons usually produce 
the best commercial fruits. In other words, the trees having the 
heaviest crops frequently develop the largest proportion of lemons 
of the first grade, as shown by their color, shape, size, texture, 
thickness of peel, juiciness, acidity, and the flavor of the juice. 
Usually the most productive trees show the fewest marked variations 
in fruits from the type of the strain to which they belong. This 
condition is fortunate in that it enables. the grower to form a reliable 
conception of the value of the fruits of the individual trees from their 
production records. A similar correlation was found in the studies of 
the individual-tree production of the various strains of the Lisbon 
lemon, the Washington Navel orange, the Valencia orange, and the 
Marsh grapefruit. 

PRESENTATION OF DATA. 


The diagrams and tables presented herewith in summarizing the 
studies on the Eureka lemon variety have been prepared from indi- 
vidual-tree performance records of 117 trees in a single plat in a 750- 
acre citrus orchard near Corona, Calif. These trees are in a section 
of the orchard which was planted in the spring of 1904, nothing except 
a few crops of winter barley having been grown there previously. 
Records were begun on 111 of the trees in July, 1911, and 6 more 
near-by trees were added to the record plat in December, 1912. The 
original plat selected for this study included 116 trees, but 5 of 
them were badly injured, so that their records were not comparable 
with those from the other trees in the plat. Among the 117 trees 
included in this study there are typical examples of 6 of the 8 
most important strains of the Eureka variety, as follows: 76 Eureka, 
17 Shade Tree, 10 Small Open, 10 Dense Unproductive, 2 Pear Shape, 
and 2 Dense Productive. 

Individual-tree performance records have been secured in the same 
orchard on 135 additional Eureka trees. However, as these records 
have not been made for as long a period as the 117 trees in the original 
plat, the presentation and consideration of data in this bulletin will 
be confined to the records of the 117 trees. 

The average annual crop of each of these trees for the 6-year 
period from July, 1911, to June, 1917, inclusive, is shown in Table VI. 
The percentage of the most desirable fruit of the Green grade, pro- 
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duced by each tree is also expressed, being figured on the basis of the _ 
weight of the crop. The proportion of variable fruits, by number, is 
shown, as well as the average number of seeds per fruit. In the 
performance data the number of split fruits have been recorded, as 
have those showing brown-rot and sunburn, but such fruits are not 
included in the class of variable fruits. In this table the trees are 
ranked arbitrarily according to their average annual crops by weight, 
without regard to the grade or quality of their fruit or its uniformity. 
This basis of classification was adopted as the simplest and most 
satisfactory one for this purpose, but its character is such that the 
rank of the trees as listed does not necessarily give a true index of 
their actual relative value. It would be impracticable to attempt to 
rank all the trees of any large plat on such a basis, though it is usually 
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Fic. 9.—Diagram showing the average annual total crops and the production by the three commercial 
grades from the individual trees in the investigational performance-record plat of Eureka lemons during 
the 6-year period from July, 1911, to June, 1917, inclusive. 


quite possible to select the few of the most desirable individuals and 
those most undesirable. It is interesting to note that of the 62 
highest producing trees listed in this table all but three are of the 
Eureka strain. 

In most cases where summaries are shown, the average or per- 
centages are figured from totals for the period indicated, and not 
from averages or percentages previously computed. 

A graphic representation of the variations in weight of the average 
annual crops of all the trees in the Eureka lemon plat is presented 
in figure 9. The trees are arranged from left to right in the order of 
their rank, on the basis of their total crops as given in Table VI, and 
the production of fruits of the Green, Tree-Ripe, and Cull grades by 
each tree is shown. 
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Table VII represents the main portion of the investigational plat 
of Eureka lemon trees, showing by symbols the position of each tree 
and the strain to which it belongs and also indicating its rank in fruit 
production, by weight, as given in Table VI. The designation of 
rows and tree numbers serves to show the distribution of the trees of 
the different strains and ranks throughout the plat. 


Tasie VI.—Summarized statement of the average annual production of 117 individual 
lemon trees of the Eureka variety for which detailed performance records were obtained for 
the 6-year period from July, 1911, to June, 1917, inclusive. 


[Detailed performance records of the trees marked with an asterisk (*) areshownin Table VIIl. The trees 
marked with a dagger (+) were added to the plat in December, 1912. The number of variable fruits is 
computed from data for the 3-year period from July, 1914, to June, 1917, inclusive. Records of the numbér 
of seeds per fruit were for the 5-year period from July, 1911, to June, 1916, inclusive.] 


Average annual crop production. 
: Tree designa- Seeds. 
Rank. Strain. fer 8 ‘i = 7 f per 
2 - ireen. ariable ruit. 
Weight. Number. grade. ee 
Pounds. Per cent. | Per cent. 

+34-73- 7 338. 24 1, 479. 83 68. 4 11.4 6.83 

34-74-21 336. 97 1, 482. 33 65. 6 8.0 ot 

34-73- 6 315. 49 1, 383. 83 ileal 13.6 5.34 

34-73-17 293.54 1,311.17 71.9 11.2 7.10 

34-74-22 291. 51 1,319. 67 64.5 9.1 6. 32 

84-73-21 289. 64 1,347. 60 66.9 10.5 6. 88 

34-73-13 285.77 1, 273. 67 72.5 10.3 6. 60 

34-74-20 285. 74 1,302.17 64.8 8.5 6.34 

*3.4-76-23 280. 01 1, 258. 33 63.1 6.0 8. 62 

34-76-21 277. 64 1, 259. 67 64.3 6.0 8.39 

34-75-12 272. 85 1, 211. 83 64.8 6.7 7.30 

34-77-19 267. 06 1, 253. 33 60.8 3.6 eo 

34-74- 7 266. 40 1,176. 50 68.8 8.8 6.90 

34-75-21 266. 03 1,203.17 60. 0 6.2 6.77 

34-75-20 265. 97 1,157.50 63.8 7.8 8. 24 

34-76-13 265. 96 1, 211.50 62.1 6.7 7.98 

434-77-16 262. 42 1,221.33 59.0 4.7 7.86 

34-77-17 257. 95 1, 219. 33 56.5 4.3 a: 

34-76-20 253. 65 1,145. 50 64.2 4.4 6. 96 

34-73-10 249.14 1,116. 67 68.9 10.2 6.10 

eM raters. Vateyer one ORS ewer aecererdce 34-74-16 246. 41 1,143.83 64. 4 Vets 6.75 
Doe Small Open.........-.. 434-73- 8 244, 88 1, 037. 00 77.0 20.5 4.16 
8). ae (PMULOKA 2 a catectec cecal 34-77-18 244. 57 1, 168. 83 55. 1 3.6 8.14 
34-73- 9 243. 50 1, 050. 33 73.6 iil, 7 5. 85 

34-73-12 243. 14 1, 098. 17 68.0 12.1 5.34 

+*34-74-10 241.89 1, 067. 67 65. 2 8.9 7. 63 

434-73-19 241.39 1, 064. 00 71.4 13.3 5.97 

34-77-22 240. 90 1,177.50 54.6 3.1 8.18 

34-75-11 239. 72 1, 087. 67 60.0 8.3 7.93 

34-74-14 239.24 1, 051. 17 67.6 8.7 4.60 

34-73-14 238. 39 1, 049. 83 71.2 1A) 5.71 

34-77- 3 238. 35 1,147.67 48.0 3.8 7. 85 

34-74-18 234. 54 1,055.17 65. 7 765) 3.97 

34-75-18 234.15 1,063. 50 64.3 9.5 6. 64 

*34-75-16 233. 80 1, 055. 00 66.1 9.5 4.37 

34-76-22 233. 73 1, 078. 67 64.0 5.9 8. 80 

34-73-11 230.17 940. 67 81.2 15.5 4.86 

34-74- 6 228. 96 1, 052.17 63.0 10.3 6.22 

34-77-21 228. 02 1,107. 00 52.0 4.3 7.83 

34-77-12 225.26 1, 043. 50 50.3 4.4 8.75 

34-75-22 224.95 1,015. 83 60.1 708) 5.98 

34-73-18 224. 80 1, 065. 83 69.8 13.7 6.12 

*34-76- 8 223. 89 1, 036. 33 62.0 6.7 7. 67 

34-76-15 221.80 1, 034. 50 58. 6 Coil 9.09 

34-76-18 221. 51 1, 040. 83 60. 2 4.5 To 

34-74-19 220. 44 977. 67 68. 2 9.7 4.39 

34-75- 2 218. 47 997.00 59.3 5.8 7.76 

34-76-17 218. 23 1, O18. 67 53.9 5.4 7.22 

34-77-15 217. 55 1, 025: 17 55.8 4.8 7.43 

BO ee ees, 5 dO seek sss SS sece 34-77- 8 217.32 1,058.17 52.4 4.7 8. 62 
7) ee Small Open...........- 34-73- 1 216.50 954. 33 68.1 9.3 6.98 
Dab aac IDG) ¢: ReaeaceeeRe an ease *34-77-11 215.36 1, 030. 83 52.6 4.4 | 9. 82 
8 a Geeioe| eee Goat aes 2 Se 34-75-19 213.10 963. 00 64.7 8.7 7.25 
Gt eae peo ere GOzRe Re ar he ae 34-77-20 213. 02 1, 024. 83 54.3 4.4 9. 07 
DD se ee Onn asase be See 34-76-19 210.25 1, 022. 50 51.1 5.5 7.98 
SOE asiiancees Oe Sea se eeasaee 34-76-16 208. 89 977.50 58.9 4.9 7.56 
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TaBLeE VI.—Summarized statement of the average annual production of 117 individual 
lemon trees of the Eureka variety for which detailed performance records were obtained for 
the 6-year period from July, 1911, to June, 1917, inclusive—Continued. 


Average annual crop production. 


Rank. | . Strain. Er pe deviene a Sogo 
: + reen ariable 

Weight. Number. grade. Sans. 
Pounds. Per cent.| Per cent. 
34-74-17 207. 28 945.6 64.3 oz 
34-75- 5 205. 56 970. 00 59.0 9°3 
34-76-12 202. 90 883. 83 66.5 T.8 
*#34-74— 8 201. 24 834. 00 75.7 9.8 
34-76- 5 200.14 980. 50 54.5 5.7 
34-76-10 199. 28 873. 50 69.7 8.2 
*34-74-15 197. 53 804.17 78.5 13.8 
34-76-11 197. 42 870. 33 69.4 6.3 
34-77- 7 194. 76 926. 83 54.4 5.6 
*34-73-16 193. 72 897. 67 71.6 11.2 
34-75-36 190. 05 866. 33 64.1 8.2 
34-75- 3 189. 68 891. 33 62.0 11.3 
34-74-56 188.16 751.33 87.2 12.9 
34-75- 7 187.15 845.17 60.1 7.0 
bgae es semis *34-74-11 184. 89 837.17 63.9 50. 4 
*34-73- 5 184. 64 842.33 68. 0 15.8 
34-73- 4 183. 71 826.17 65.3 ile il 
34—-75- 9 183. 44 837. 67 64.9 6.1 
Reset 34-75- 4 183. 42 828.17 64.0 8.0 
SEE 34-77- 9 183. 42 860. 00 58.9 2.9 
Bsa 34-75-10 182.20 820. 67 65.9 7.9 
34-77-13 182.18 803. 50 69. 4 6.9 
Ney 34-74— 2 180. 49 804.33 65.9 8.9 
34-74- 9 180. 27 842.17 64.2 10.6 
*34-75- 8 179. 22 831. 00 61.0 6.4 
34-75-17 178. 54 823. 83 62.3 6.4 
eye 34-76- 9 178. 49 820. 33 61.3 6.2 
34-74- 4 176. 43 701. 83 89.7 13.2 
“34-76- 7 171. 88 804. 83 59. 7 ero) 
SmalliO peneessseeeses 34-73- 2 On IPA Ba} 755.17 69. 4 7.9 
Sitee cee Murekas= {eee see cae a 34-77- 5 171.22 847. 00 48.5 4.9 
SSELCI SU ae aee d0,2322ia-tees see see *34-77- 6 169. 07 803. 50 54.7 6.9 
SOP eae Small Open......---.. 34-76-14 165. 86 847. 00 64.6 8.9 
OO ue eae Shade Tree....--..---- 34-67-12 160. 28 671. 20 76.8 15.6 
Qlees eee aoe dO. eee eee 34-73-15 158. 93 652. 00 80. 2 20. 6 
G2 ees smalli@peneereereeees 34-74- 3 158. 06 702. 00 64. 4 9.6 
QBee esse Shadewinreess seem se seE *34—75-13 156. 72 659. 00 77.4 | * 15. 4 
O4iat x Small Open.-.....-..... 34-76- 6 154. 61 760. 67 56. 4 view) 
95.--.--| Dense Unproductive. . 34-74-12 148. 29 621.17 77.4 16.2 
Ob seers Hage vines sae eeeeee 34-74-54 147.55 617. 00 84.2 16.2 
8 ge er SE donee Smasenizaceee 34-74-47 146. 53 604. 00 83.2 22.2 
OR eee. all erie (0 oes See a 34-74- 5 145. 72 568. 50 89.6 17.0 
99vezs=2 Bials@ penkees=- eee *34-75- 6 145. 61 693. 83, 58. 4 8.5 
OOD Ee Dense Unproductive. . 34-77-14 142.29 592. 83 13.5 12.7 
LOW eee Shade [ree 24-2. 2. 22s 34-74-51 136. 60 599. 17 84.9 Wei 
NO Seelleace A (6 (0) peers ng ae *34-74-13 136. 14 553. 33 82.6 18.0 
DOB 2=scl|| tomes COR SB Sapan ASE 34-75-14 132. 74 554. 00 75.2 14.2 
N04. 2.55. Pear Shape. 5.8 *34-77-10 122. 55 605. 33 46.6 49.7 
TOS ee hadevbreesasee saeco 34-75-15 121.08 491.17 76.2 16.6 
R062 ees |beees Goes Sates dese See 34-75-52 117. 98 490. 83 82.0 10. 4 
10S ee G0. A eae 34-75-42 115.15 479. 00 68. 7 11.3 
LOSES eas |eeeet Goes seaseesanee +34-73-22 112. 89 487. 60 79.5 17.6 
WO pepe clleaen AOD a5 55 s6c0nenonosos *34-76-56 111.14 470. 50 71.9 17.5 
AOR ase Dense Unproductive. 34-77- 4 110. 29 459. 83 85. 0 9.0 
ie Sea eee Ose Se aris eeeeosee 34-73- 3 107.77 429. 83 82. 2 26. 2 
1S eels eee OO2s sah enee hse eee *34-76- 3 97. 74 404.17 80. 4 18.8 
WG eal seco (6 (Gee a 34-77-23 89. O1 356. 00 Ue 14.6 
1 ee sae GO zens sehen cee 34-76- 4 80. 90 342. 33 81. 4 21.3 
aR Asse Sees Gok esuisleatee asses 7734-73-40 69. 80 308. 00 76. 2 19.0 
UG el tees (6 Ree eee Serres 7384-75-37 63. 63 290. 60 61.0 15. 4 
Wien Salascee (6 eee Beene cate *+34-74-40 51. 23 245. 20 53.7 13.4 


Seeds. 


per 
fruit. 
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To indicate more fully and definitely the actual variations of the 
different trees and their relative values to the investigator and the 
grower, it is necessary to consider the records of actual production of 
The number of trees included in this study and 
the mass of data obtained from them make it impracticable to present 


the individual trees. 
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the complete records of all of the trees in this bulletin; hence, it has 
been necessary to select a number of trees for this purpose. Tables 
VIII and X give the detailed performance records of 24 representa- 
tive lemon trees of the 117 in the investigational plat of the Eureka 
variety. This list includes examples of all the strains found in the 
plat and was made by arbitrarily selecting every eighth tree of the 
Eureka strain as listed in Table VI, every fifth tree of the Shade-Tree 
strain, every fourth tree of the Small-Open and Dense-Unproductive 
strains, and both trees of the Dense-Productive and Pear-Shape 
strains. In each case the highest and lowest ranking trees of each 
strain are included. This basis was adopted in order to remove all 
chance of any personal bias in the selection of the trees and is thought 
to include more representative trees than the basis employed for this 
purpose in earlier bulletins of this series. Tables VIII and X are 
thus made to include 10 trees of the Eureka strain, 4 of the Shade-Tree 
strain, 3 each of the Small-Open and Dense-Unproductive strains, 
and 2 each of the Dense-Productive and Pear-Shape strains. _ 


TasLe VII.—Distribution of lemon trees of the Eureka variety in the investigational per- 
formance-record plat, showing also the strain and the rank in crop production of each 
individual tree for the 6-year period from July, 1911, to June, 1917, inclusive, 


(The positions of the trees in ranks 67, 69, 90, 96, 97, 101, 106, 107, 109, 115, 116, and 117 are not here indicated. 
As shown by their location numbers in Table VI, they were situated at varying distances outside the 
main body of the plat, and it was thought inadvisable to include them in this table. This orchardis 
planted on the contour and on that account the trees in rows across it do not bear the same number, 
counting from the southern end, which is taken as the head ofthe row. The trees in rows 74 and 75 are 
numbered one in advance of the nearest one in row 73, and those in rows 76 and 77 are two in advance of 
those in row 73, as indicated. Explanation of symbols: ©= Eureka strain, A=Shade-Tree strain, AJ= 
Dense-Productive strain, [= Dense-Unproductive strain, @=Pear-Shape strain, @=Small-Open 
strain, X=not included in the record.] 


Serial No. of tree Number of row. 
in row. 
73 74 75 76 77 
Rows | Rows ie = 
Row 74 76 
23 and gud Strain. | Rank. | Strain. | Rank. | Strain. | Rank. | Strain.| Rank. | Strain. | Rank. 
Srarahote haters aiers: = USS are areas av | ePotatares = Ste [eaters Sista al] oer alahe aves |nrmaleee mt Sraietaetereys > 6 eee eh Dal Raters 
wee 1 OD Eee eee ete SK illarsee chase S ilcemecee DES Serer Sin ars See 
1 2 3 Ci} 51 @ 79 © 47 oO 112 © 32 
2 3 4 @ 86 @ 92 © 68 Oo 114 Oo 110 
3 4 5 Oo iil JX 84 © 75 © 61 © 87 
4 5 6 ©) 73 A 98 © 58 r) 94 © 88 
5 6 7 6) 72 6) 38 ® 99 6) 85 © 65 
6 7 8 © 3 © 13 © 70 © 43 6) 50 
7 8 9 © 1 © 60 @ 81 © 83 © 76 
8 9 10 @ 22 ©) 80 © 7 © 62 ® 104 
9 10 11 © 24 © 26 6) 77 6) 64 © 52 
10 11 12 © 20 ® 71 ©) 29 © 59 © 40 
11 12 13 © 37 oO 95 © 11 © 16 @ 78 
12 13 14 © 25 IS 102 A 93 @ 89 jal 100 
13 14 15 ©) 7 © 30 A 103 © 44 © 49 
14 15 16 © 31 A 63 A 105 © 56 © 17 
15 16 17 A 91 © 21 ©) 35 © 48 © 18 
16 17 18 El 66 © 57 © 82 © 45 © 2 
17 18 19 © 4 © 33 © 34 © 55 © 12 
18 19 20 © 42 © 46 © 53: © 19 © 5A 
19 20 21 El 27 © 8 © 15 © 10 © 39 
20) 21 22 Niall Sees st oO) 2 © 14 S 36 © 28 
21 22 23 ©) 6 6) 5 © 41 © 9 oO 113 
A 
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The notes that follow regarding some of the methods of recording 
and compiling the data presented in Table VIII may assist the 
reader to understand and interpret it. 

The continuity of the records on this plat was badly disturbed by 
the severe freeze in the early part of January, 1913. It will be noted 
in Table VIII that no pickings were made from February to No- 
vember, 1913. In summarizing the records it has been considered 
that all the trees were affected to practically the same degree, and the 
crops recorded during this experiment have been credited as the 
production for the 6-year period. This. procedure necessarily results 
in a decreased average annual yield as an index of the performance 
of the individual trees. However, this is not a serious matter, 
inasmuch as these studies are based primarily upon the relative 
character and behavior of the various strains, and their differences 
are as apparent during periods of unfavorable conditions as at times 
when production is normal. 

Spaces left blank in these records indicate that no fruit was picked 
at that time. The absence of fruit of any special grade or of seeds 
at any time when a picking was made is indicated by zero. 

The fruits of the Cull grade were not recorded separately until 
February, 1912. Previous to that time they had been included with 
those of the Tree-Ripe grade, and it is not possible to separate them. 

In endeavoring to make pickings every month, unavoidable delays 
were sometimes occasioned by unfavorable conditions of climate, by 
interfering periods of irrigation, or from other causes. In this way 
it sometimes happened that the interval between pickings was con- 
siderably prolonged beyond the 30-day schedule time. Because of 
the longer time required to secure the records at seasons when the 
crop Was increasing in amount it was necessary to begin the picking a 
few days in advance of the corresponding date in the previous month. 
Unfavorable weather conditions during the winter. season often 
delayed the progress of the work from a day to a week at a timeso 
that during that period it was usually necessary to keep at the record 
work continuously in order to forestall unforseen delays and inter- 
ruptions. The ideal way to obtain data such as these would be to 
determine the number of days required to make the records at the 
season when the crops were lightest, then to have a sufficient number 
of trained men available so that the work could be begun on the cor- 
responding date each month and completed in the same minimum 
number of days, regardless of the weather or other unfavorable con- 
ditions. However, this ideal is impossible of attainment under 
practical conditions. ‘ 

Table IX records the first and last dates of each period for picking 
lemons on the Eureka study plat. As already stated, no records 
were made from February to November, 1913, on account of the 
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injury occasioned by the freeze in January of that year. In February, 
1914, and again in February, 1917, unavoidable conditions delayed 
the work so that no pickings were made for about 45 days. 


Taste I[X.—Dates on which fruit was picked from the lemon trees of the Eureka variety 
in the investigational performance-record plat from July, 1911, to June, 1917, inclusive. 


First and last date of each pickmg period. 


Month. = 
1911-12 1912-13 1913-14 1914-15 1915-16 1916-17 
iivemesceastOUlyo to) l2--. | July landi2- .|-......-<2-.<5 July 9 to 14. -| July 21 to 23.) Aug. 1 and 2, 
ISTISteeeee | eaUe AL CO. -| AU, 1 tO 2.) 5... - 2 ance - ae Aug.5and6.} Aug. 27 to 31-.| Sept. 4.and 5. 
September. - eae: 28 to INDIES PASUO PY (5 | ASE eeoeaBeo aac Sept. 8 to 10..| Sept. 23 to 27.) Oct. 3 and 4. 
ept. 5. 
Metobenees | Oct..2:t0 10:..| Oct. to 9... 2|-...-.2..--.0-- Oct. 9 to 13..| Oct. 25 to 28..| Oct. 27 to 30. 
November. .| Nov. 3 to 10..| Nov. 1 to 6...| Nov. 5 and6.| Nov. 7to017..| Nov. 23 to 27.| Nov. 28and 29 
December...| Dec. 4t011..| Dec. 2to6...| Dec. 15.......| Dee. 14 to 21.] Dee. 20 to 28.| Jan. 2 and 5. 
January....} Jan.3 to 6....| Jan. 2to13...| Jan. 23....... Jan. 1 to 6...- pau 26 to Feb. te Bo and 
6 UOD. Le: 
Hepriuaryen se |ebepslitoy....|) Web..2tol8:..|.....0.25-- 2524 Feb. 12 to 19. Bebe to Mar. 
March.......| Mar.2to15...|........2....2- Mar. 10to11..| Mar.8to12...| Mar. 23 to27..| Mar. 16 to 20 
PDT lees | ADEs ECO: wc leciccscntecceicnee Apr. 4to7...| Apr. 6 to12.. ee 2 to | Apr.17t019. 
ay 2. 
Maier eee | MAY S:CO6s 5| ce ccccieseccea May 20 to 22..) May 14 to-19..| May 25 to31..| May 26 to 29. 
MITOneeee en |e Mayria0) Stolec foo. edese.2 June 13 to 16.) June 18 to 21.| June 27 to30.| June 30 to 
June 1, | July 2. 


The excessive number of fruits of the Cull grade recorded in Jan- 
uary and February, 1913, was largely the result of injury by the 
January freeze. All the small fruit on the trees at that time was 
badly frozen, so that there was nothing to be picked for several months 
afterward, and all the frozen fruit was recorded as of the Cull grade. 

Variable fruits were first recorded in September, 1912. Because 
of the interruption to the records occasioned by the freeze of the 
following January and the subsequent period during which no fruit 
was picked from these trees, the data presented for the variable 
fruits are confined to the three years from July, 1914, to June, 1917, 
inclusive. In counting the variable fruits found on the different 
trees the typical fruit for the variety is made the standard, and all 
variations from it are recorded. This practice has been followed with 
all the trees, even those of the Pear-Shape strain. 

In explanation of the relatively large number of variable fruits 
recorded from many of the trees, even of the Eureka strain, it should 
be said that several of the forms listed vary but slightly from the 
typical fruit of the variety. In fact, it is believed that some of these 
forms are continuous variations of fluctuations induced to some extent 
by certain climatic conditions, and they are characteristic to a 
_ greater or less degree of all lemon trees, so far as studied. Three such 
forms have been designated as collared, protruding blossom end, and 
ridged. On nearly all the trees under observation from 75 to 90 per 
cent of the fruits recorded as variable have been of these classes. The 
more marked variations which show a greater departure from the 
_type of the different varieties, and those forms which have been 
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proved to be true bud mutations usually appear more frequently and 
more abundantly in trees of some of the unproductive or otherwise 
undesirable strains than they do in trees of the standard strain of the 
variety. 

The presence of variable fruits on all the trees and the fact that 
some trees produce many more such fruits than other trees emphasize 
the need of having reliable individual-tree performance records for 
use as a basis in selecting trees from which bud wood can be taken for 
commercial propagations. It is not sufficient to know that certain 
trees produce heavy crops, but data must be available to show the 
number and kind of variations on the trees, so that only those will 
be chosen which bear the most uniform and desirable fruit. 

In Table X are presented the total number of the different variable 
forms which were recorded for three years on the trees listed in Table 
VIII. The typical fruits of the Pear-Shape strain produced on the 
trees listed in ranks 71 and 104 are recorded as bottle shaped, and 
other fruits on the same trees having a tendency toward that typical 
shape are classed as collared. These collared fruits are believed to 
be of a different character from the collared fruits commonly found 
on trees of other strains, but being like them in appearance they 
were listed in the same class. Propagations have been made to 
determine this point.. 

Wherever no record was made of any factor for one or more months 
it is thought that the most practicable method of computing the 
monthly averages in Table VIII is by dividing the monthly totals 
by the number of months represented in each total. For example, 
the averages for the production of Green-grade fruit by the tree in rank 
1in Table VIII during July, August, September, and October were 
computed by dividing the monthly totals by the factor 5, as there 
are records for five years during those months. In November, 
December, and January the records for six years are available. In 
February the pickings were missed in 1914 and 1917 and the average 
for that month is obtained by using the factor 4. In March records 
were secured during five years but the crops harvested in that month 
in 1914 and 1917 were in reality the yields for two months in each 
case, so the factor 7 has been used in determining the average for 
that month. Itis recognized that this resulting average is not strictly 
accurate, but it is believed to represent more nearly the correct aver- 
age for the period than any other figure that can be presented in 
this table. Because of the use of different factors, as just mentioned, 
the totals of the monthly averages are not equivalent to the average 
for the yearly totals. Other instances in this and other tables will 
be found where the decimal portions of averages of total records do 
not exactly correspond with the totals of the averages of the corre- 
sponding numbers. This is due to the small errors occasioned by the 
practice of retaining only two decimal places in average figures. 
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TanLeE X.—Number of variable fruits of different forms produced during the 3-year 
period from July, 1914, to June, 1917, inclusive, on the 24 individual lemon trees of 
the Eureka variety listed in Table VIII. 


[The several trees are designated by numbers denoting their rank (as shown in Table VIII), the strain to 
which each belongs being indicated by abbreviations, as follows: DP=Dense Productive, DU= Dense 
Unproductive, E=Eureka, PS= Pear Shape, SO=Small Open, ST=Shade Tree.]} 


Tree designations by rank and strain. 


Description of fruit variations. 

1, | 9, | 17, | 22, | 26, | 27, | 35, | 43, | 52, | 60, | 63, | 66 

E. | E. | EB. | 80.) & | Db) Bm! | E| B | EB. | st | pe. 
OWIENGGL coed es PASOBGEE ROE CCorDeCee ane 174 | 28) ), 4251-159 | 36 |) 142) 113] 36) 20) 23) 40) 77 
Protruding blossom end....---.-------- 195 | 102} 55} 189 | 121) 193) 59] 83} 69 142 | 159 | 131 
Collared and protruding...........-.-.- 63 | 14 C260). eS | Ss 17 Gu 235-33) 35 
OURS APOC cee wenwicicciccece == ssc ce 1 ABA Goce) he coc) sesh5) eee 1 SS eel eee eee) aie eae 
UMS OOUSOC HOME) aysla(esicids eciaeinie-ie wena cia 6 2 BY || Ba) 1 2 2 2 1 5 4 2 
RYSISGCLURIO OO mee een tebe cacialc's nisicieicidinn ce 147 |S S25 nn OralmeconleecenpecOnie Toni den woumeode ies 14 
ENGEGG! eRe hab Gb nae DOCECe One rBeocCorae 62) 48 27 | 95 43 58 66 18 18 18 25 47 
Ridged and collared..............------ a eee 3 6 4 8 3 2 3 Srl Le, 9 
Ridged and protruding.........- Hacer 20) 24) TS ZON 19 37.) 27 8 Bi) TE Bi 2a 
Ridged, collared, and protruding....... 3 5 3 5 2 9 8 1 2 Uf |) aly 2 
Sunken section 10) ee 1 ae areas sacl eames 1 : 


Corrugated .. SES OO ee EGER TOS ROR Ere SED) Ae ee ete! iA hi tae] LA ae pe eel een elena 
Ai Qn Ei Sabie = 6 = sao begsesoodesneo. clloocds) sored loddes A ores Oil sacle Seal setae errr erate 2 
Miscellaneous Variations......----.---- 6 Pn Pee 16 2 2 2 4 2 1 8 3 
3-year totals........-.- soodecasees— 578 | 255 | 191 | 798 | 283 | 572 | 361 | 198 | 145 | 258 | 372 | 360 
Percentage of total crop...-.----- 11.4 | 6.0] 4.7 20.5 | 8.9 |13.3 | 9.5] 6.7] 4.4 | 9.8 |18.8 | 11.2 


Tree designations by rank and strain. 


Description of fruit variations. 
71, | 72, | 81, | 88, | 93, | 95, | 99, | 102, | 104, | 109, | 112, | 117, 
PS.| E. |SO.| E. | ST.| DU.| SO.| ST.}] PS. | ST. | DU.| DU. 
Wollanod meee acne cs ccisciicemae de aeiecetse 868 | 120 20 44 54 34 41 76 | 613 | 103 | 105 40 
Protruding blossom end. ....-..-------- 14; 98} 48]| 85] 103 | 123] 82] 50 6 5 | 16 12 
Collared and pesiadne BL eae cae maa ce 22} 47 5 6] 37; 41 By AE aly) ak yao) 2 
IBOuUIeISHapEden saccmisiecists cefelacecs asses 1010 ae eee estes) (Sesehess) acs ie oesere I |) PAG Nooece Ne eae 
IAISAMSAGEIONN ee 'scceu seats secccc tes: |. <se- 2 Peeee 3 2 1 The Seger > alee 1 1 
VAISGOMI CP One ea tacincsincisis sella cseec 5 8 PSs e225 16 16 2 4 9 9 2 
Ridged 4 719) |e SOR ee eoulie 27allieeaenle nae 41 1 79) 27) 13 
Ridged and collared... 1 5 6 1 3 3 Bh. al lesose 19 | 27 5 
Ridged and protruding.............--.|----- | 18) 16 alee 34043) |e 14s | 0) | Rees 21} 11 3 
Ridged, collared, and protruding....... 1 7 3 1} 10} 33 2 4 1 7 4 4 
Sunkensection oj: 225-4 sods lees oe A oe | ee eee | eee Dy |Exaier al Bacon |Orr-tas a eee a aes 
Greased eee oe nha seese ashe ascs 17 9} kO 4 6 6 11 16 6 6 12 7 
WHRICAISECHION cease cee scitie see cece eel occ lente acto sal ever asters eee eee terell Bese ell cae ere bese ee SSP ons res 
Raised white section...................].-...|....- eee alee S| eet ana ee ecg eae [ape 
Surilcontwititosection= sa.see sees secees eM cucles-.c|eaee a|eaboe 1 P| sh ete i ea [Oe eed (aeees cio 
Rind cee tet or sch TI wees, 7a Besse | See aT oe. ea Wane eile ee 61) ee [gee ee 
EOI ese arate feeeiecticie favice wise eins Sais Decne eae See etal Sere pear eS Srl ee each 1S a ea eee 
COUPE TCG snanocknen ssn eaLoseeoe ieee. Cemee Eaeae Peeeuiesean 10 tl ecuelleeeaal Seaeoel Gaeee TEN eee 
PAibnonrmalishape = - 2 sos cms-e cise decccc|eeos- leSanG| sneeslcdpeslbsaas 1 1 Ol Benes Hoses) Sede sence 
Miscellaneous variations...............- ik 2 3 5 3 8 QR TSS ae ects Sip Te oo coe 
Br VeurstOvalsns iss sehen ess oo 8 1576 | 391 | 165 | 208 | 316 | 343) 201 | 251 | 993} 270 | 242} 89 
Percentage of total crop...-...--- 50.4 |15.8 | 6.4 | 6.9 |15.4 |16.2 | 8.5 |18.0 |49.7 |17.5 /18.8 | 13.4 

| | H 


A study of the number of seeds produced by the individual trees 
was made by cutting one typical fruit of each of the Green grade, 
the Tree-Ripe grade, and the Cull grade from each tree at each pick- 
ing up to June, 1916, at which time these records were discontinued. 
In case one or more grades of fruit was not represented at any picking 
no substitution was made in determining the seed content. Nor- 
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mally, each figure recorded in Table VIII under this heading is the 
average of three fruits, but in some instances it has been secured 
from one or two fruits. The total averages shown for each month, 
those for each season, and those for the five years were obtained by 
factoring the total number of seeds and the number of fruits exam- 
ined for that purpose during the period indicated rather than by 
averaging the monthly averages. 

The average number of seeds per fruit indicated by this method 
varies considerably from the true average of all the fruits produced. 
There is a considerable variation in seed content on the trees of 
many of the strains between the fruit produced during different 
months. Fruit production is much heavier in certain months than’ 
during other months, while in the system of averaging here used, 
which was the only practicable one under the circumstances, equal 
weight is given to the seed data for each month. 
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Fic. 10.—Diagram showing the average annual total crops and the amounts of fruit of the different com 

mercial grades produced by the trees of the several strains of Eureka lemons occurring in the investiga- 

tional performance-record plat during the 6-year period from July, 1911, to June, BG inclusive. The 
strains are ranked according to the weight of their average total crops. 


Table XI shows the average annual crops of the individual Eureka 
lemon trees in the investigational performance-record plat, arranged 
in groups of strains and of select trees within some of the strains. 
The strains are listed in the order of their rank by total crops by 
weight, and the production of fruit of the different grades is also 
shown. These averages are shown graphically in figure 10. Several 
of the strains are represented by different numbers of individuals, so 
no exact comparisons can be drawn between them. However, as in 
nearly every case the trees within each strain have shown a consid- 
erable degree of uniformity with respect to their various character- 
istics, thé data shown in this and the following tables are thought 
to be fairly indicative of the relative values of the different strains 
represented. 

Table XI shows the trees of the Eureka strain to be more produc- 
tive than those of any other in the list, with an average annual pro- 
duction of 230 pounds for the 6-year period. Of the 76 Eureka trees 
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in the plat, 35 were above this average and 41 below it, as shown in 
Table VI. The limits of the average individual-tree production 
within the strain were 338.24 pounds and 165.86 pounds, being 
108.21 pounds (or 47.1 per cent) above the mean and 64.17 pounds 
(or 27.9 per cent) below it, respectively. In each of the other strains 
represented by 10 or more individuals, the individual-tree variations 
are also considerably greater above the mean than below it. 


TABLE XI.—Average annual crop of the individual lemon trees of several of the important 
strains found in the investigational performance-record plat of the Eureka variety, ranked 
according to the weight of their average total crops, for the 6-year period from July, 1911, 
to June, 1917, inclusive. 


Average annual production per tree. 


3 
2 es 
a Description of trees. Total crop. Green grade. |Tree-Ripe grade.}| Cull grade. 
: N N N N 
um- um- um- um- 
E Pounds. Her Pounds. er Pounds. per Pounds. er 
10 pees producing (all 
ureka strain)........... 299.45 | 1,341.83 | 201.71 | 754.00 63. 83 | 292. 65 33.92 | 295.18 
76 | Eurekastrain............. 230. 03 ile 051.88 | 144.63 | 541.58 57.20 | 263. 29 28.20 | 247.01 
2| Dense-Productive strain...| 217.55] °980.83| 155.67 | 576.83 39. 85 | 183. 75 22.03 | 220.25 
13l7/ |e LDpal by eh ov Eht Soper eee eee ae 200. 39 902.91 | 131.58 | 490.16 46.17 | 212.07 22.63 | 200. 68 
10 | Small-Open strain......... 179. 86 808. 88 119.07 | 445.68 41. 43 | 188. 70 19. 36 | 174. 50 
2 | Pear-Shape strain..-....... 153. 72 721. 25 87. 69 | 328. 58 52. 80 | 264. 50 13. 23 | 128.17 
17 | Shade-Tree strain.-......-- 144. 79 597.33 | 117.17 | 426.93 18.00 | 79.47 9.62] 90.93 


10 | Dense-Unproductive strain 96. 09 405. 00 73.42 | 266.30 14.93 | 66.82 7.74) 71.88 
10 | Lowest producing (irre- : 
spective of strain)........ 89. 44 379. 42 68. 46 | 250. 25 13.48 | 60.83 7.50} 68.33 


Table XII shows the percentage of fruit of the three commercial 
picking grades produced by the trees of the various Eureka strains, 
together with the average number and percentage of variable fruits 
recorded in each strain. The strains are here listed in the order of 
their rank by percentages of fruit of the Green grade produced per 
tree. The Shade-Tree, Dense-Unproductive, and Dense-Productive 
strains rank considerably above the others under this classification. 
However, it should be remembered that while in general fruit of the 
Green grade is superior to that of the Tree-Ripe grade, the fruit of 
the three strains just mentioned is much inferior in texture, thickness 
of skin, and other characteristics to that of the Eureka strain; hence, 
the superiority which would appear to be indicated by a study of 
this table alone is entirely lost when consideration is given to the 
character of the fruit itself. 

While the trees of the Small-Open strain are shown to have pro- 
duced a slightly higher percentage of Green-grade fruit than the 
trees of the Eureka strain, the actual production of the trees of the 
Small-Open strain is so much less than that of those of the Eureka 
strain that the inferiority of that strain is very apparent. The 
decreased percentage of Cull-grade fruit produced by the trees of the 
Shade-Tree, Dense-Unproductive, and Dense-Productive strains is 
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probably due to the closer habit of growth of those trees, which. 
lessens the number of fruits knocked from the trees or marred and 
scratched by the movement of the branches by the wind. The more 
compact trees also protect their fruits from sunburn to a greater 
extent than those of a more open character. 

As shown by the last two columns in Table XII and graphically 
in figure 11, the fruit produced by the trees of the Eureka strain is 
more uniform in character than that borne on the trees of the other 
strains. The 7.68 per cent of variable fruit produced by the trees 
of the Eureka strain seems large, but the number is much less than 
was produced by the trees of the other strains, and if the minor forms 
and fluctuating variations were deducted this percentage would be 
‘very greatly reduced. 
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Fig. 11.—Diagram showing the percentages of variable fruits occurring on the trees of the different strains 
of Eureka lemons in the investigational performance-record plat during the 3-year period from July, 
1914, to June, 1917, inclusive. The proportions are based on the number of fruits produced. 


Taste XII.—Production of fruit of the three different grades and of variable fruits picked 
from the lemon trees of the several strains of the Eureka variety in the investigational 
performance-record plat during the 6-year period from July, 1911, to June, 1917, inclu- 
sive. 


[The data for variable fruits cover the 3-year period from July, 1914, to June, 1917, inclusive. _ The strains 
are ranked according to their proportion (by weight) of fruit of the Green grade.] 


Percentage of weight of total VWapiabila Gane. 
crop. 
por Desariniionlot 
ero escription of trees. | Average 
Green |Tree-Ripe| Cull yearly amcent 
grade. | grade. grade. | number 
| per tree. 
| 
Tali Shacde=Mrecistrain seer rere seers eesti ee eis see 80. 92 12. 43 6. 65 99. 84 15. 90 
10 | Lowest producing (irrespective of strain)....- 76. 54 15. 07 8.39 69. 00 17.38 
10 | Dense-Unproductive strain...............-.-- 76.40 15. 54 8.06 68.77 16.40 
2,| Dense-Productive sirain==ssee-o eee ter eens L 71. 56 18. 32 10.13 155. 33 12.39 
10 | Highest producing (all Eureka strain).......-. 67. 36 21.32 11. 33 148. 53 9. 50 
iO) Saiple Oem Mipyins ~ooscos--oscapocsasneucens 66. 20 23.03 10.77 93.77 9.95 
DE | GIP Oat sis atc wre sigs atateie Soe Scio nero saeie ais 65. 66 23. 04 11.29 95. 68 9. 67 
£6: HUE KAS tral. he mys coeeec memes corer ee aoiee e 62. 87 24. 87 12. 26 88. 16 7. 68 
2-| Bear-Shape strain: seen uscte cect cee scene se 57. 04 34.35 8.61 428.17 50.15 
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Tasin XIII.—Average yields and percentages of total yield of fruit of the Green and 
Tree-Ripe grades picked each month from the lemon trees of the various strains of the 
Eureka variety in the investigational performance-record plat during the 3-year period 
from July, 1914, to June, 1917, inclusive. 


[The strains are listed in the order of their total-production rank for six years, as shown in Table X.] 


Num- é 
Description oftrees. |ber of|July.|Aug.|Sept.| Oct. |Nov.|Dee. | Jan. | Feb.|Mar. | Apr. May.|June,| Peg 
trees. eter 
! 
PRODUCTION (IN POUNDS) 
AVERAGE, 
Green grade: 
Highest producing (all 
Eureka strain). ..... 10] 8.47} 6. 82/13. 09/13. 90/17. 43)32. 01/10. 01 37. 20/41. 55/47. 76/35. 89] 8. 13)272. 26 
Eureka strain......... 76| 5.64) 4.67) 8.14! 9,78] 9.08/17. 97] 5, 21 20. 19)25. 30/35. 40/30. 67] 8. 05)180. 11 
Dense-Productive | 
SQUARE eae a oisalesis 2} 8.18) 5. 38|12. 95/10. 36)15. 99) 22. 91)10. 13]31. 59/37. 05/42. 63/27. 15) 6. 80/231. 10 
Hintireplat su. occ. 117| 5.71) 5.87} 9.09/10, 89}10. 59}16. 24] 4. 99/17. 27/20. 83/28. 57/25. 35) 7. 21/162. 60 
Small-Open strain..... 10] 5. 75) 4.45] 7.18] 8, 00) 9. 28)14. 90) 4. 80/17. 78/21. 43/26. 17/26. 58) 7. 48/153. 79 
Pear-Shapestrain...... 2| 3. 74| 7. 65/13. 28/12, 48}12. 79/16. 36} 3.02) 7.54] 5.99) 7.57) 6.65) 6. 51)103. 58 
Shade-Tree strain - .-.. 17| 6. 67/11. 26/13. 65)18, 69)18. 54/13. 90) 4.99] 9. 93) 9.16/12. 16/11. 19) 4. 67/134. 81 
Dense-Unproductive 
SULAUN se atanarsaeisse< ae 10] 4.49] 6. 98] 8.84] 8. 82] 8.33) 6.96) 2. 84} 6.10) 5.77) 8.35/11. 10) 5.13) 83. 69 
Lowest producing (ir- ‘ 
respective of strain). 10} 3.95] 7.44) 9.59/10. 63)10. 13) 7.24] 2.52) 5.49) 5.50) 7.'74) 7.29) 4.03) 81.56 
Tree-Ripe grade: 
Highest producing (all 
Eureka strain). ..--. 10] 1.56) 1.28) 1.07; 1.65] 3.75/19. 91) 4. 99/10. 19) 8. 89/13. 34/23. 91) 4.50] 95.05 
Hureka strain ......... 76] 1.66) 1.14 90] 1.61] 4.04/13. 72) 3.59) 9. 24) 6. 78/10. 23/23. 48) 5.56] 81.94 
Dense- Productive 
Si Thy as ae 2) .99) .59] .54) . 79) 4.95/12. 88) 2.67) 7.48) 7.42) 9.66/14. 98) 3.04) 65.91 
Pniremlates. - =. <<< -- 117} 1.36) .94] .81] 1.37] 3. 96)/11. 96] 2. 96] 7. 26) 5.41) 7.96/18. 07} 4. 36) 66.43 
Small-Open strain... ... 10) 2.05] .96) . 72) 1.07] 3.83/10. 53) 2.75) 6. 85) 5. 89] 7.90/16. 33] 4.81) 63.70 
Pear-Shape strain ..... 2) 1.51] .65) 1.26) 1.56] 7.57/32. 33) 3. 80) 3.98] 2.68) 3.09/12. 58] 4.65] 75.67 
Shade-Tree strain . .-.- 17| .28) .47| .49] . 82) 3.56] 6.66] 1. 28] 2.21) 1.64) 2.12) 4.43) .88) 24.85 
Dense-Unproductive 
Straimiessace eas 2 = 10} .28) .34) .64) .91) 3.26) 4.85) 1.13] 1.94) 1.07) 1.24) 3.70) .84| 20.19 
Lowest producing (ir- 
respective of strain) - 10} .23) .29) .64) .90) 3.30) 5.07) .86) 1.35) .81) 1.08] 2.43) .36) 17.31 
PERCENTAGE OF WEIGHT 
OF TOTAL CROP.! 
Green grade: 
Bi hes producing (ali 
ureka strain). ..... 10} 3.1) 2.5) 4.8) 5.1) 6.4] 11.8) 3.7) 13.7) 15.3) 17.5] 13.2) 3.0) 21.8 
Eurekastrain......... 76] 3.1) 2.6] 4.5] 5.4] 5.0} 10.0} 2.9) 11.2) 14.1) 19.7] 17.0} 4.5) 27.2 
Dense-Productive 
SULTAN aoe access 2} 3.5} 2.3) 5.6) 4.5) 6.9) 9.9] 4.4) 13.7) 16.0) 18.4) 11.8) 2.9) 20.5 
Hntire plats. 2222-222. 117} 3.5) 3.6) 5.6) 6.7] 6.5) 10.0) 3.1) 10.6) 12.8) 17.6) 15.6) 4.4| 27.1 
Small-Open strain..... 10} 3.7} 2.9) 4.7) 5.2) 6.0] 9.7} 3.1] 11.6] 13.9) 17.0) 17.3) 4.9) 28.8 
Pear-Shape strain .... 2| 3.6) 7.4| 12. 8) 12.0) 12.3) 15.8) 2.9) 7.3) 5.8) 7.3) 6.4) 6.3] 23.7 
Shade-Tree strain..... 17) 4.9) 8.4] 10.1) 13.9) 13.8) 10.3) 3.6) 7.4) 6.8) 9.0) 8.3) 3.5) 25.1 
Dense-Unproductive 
Strain. -: 22. eons sis 10) 5.4) 8.3) 10.6) 10.5) 9.9) 8.3) 3.4] 7.3} 6.9] 10.0) 13.3) 6.1) 33.1 
Lowest producing (ir- 
respective of strain) . 10} 4.8) 9.1) 11.8) 13.0) 12.4) 8.9) 3.1) 6.7) 6.7] 9.5) 8.9) 4.9] 27.7 
Tree-Ripe grade: 
Highest producing (all 
Eureka strain). ..... 10} 1.6) 1.3) 1.1) 1.7] 4.0] 21.01 5.3] 10.7! 9.4] 14.0 25.2) 4.71 32.8 
Eureka strain ......... 76) 2.0) 1.4] 1.1) 2.0) 4.9) 16.7/ 4.4] 11.3) 8.3) 12.5) 28.6] 6.8 38.8 
Dense-Productive 
Sirainpesa eae cece: Zales 9 =8) Leg v5} V9R5|) AO} M4) We 3) 14277) 2257). 456) 29.7 
Hntire plat. _-* 2-24. 117) 2.0) 1.4) 1.2) 2.1) 6.0) 18.0) 4.5] 10.9] 8.2) 12.0) 27.2) 6.6} 37.2 
Small-Open strain..... 10) 3.2) 1.5) 2.1) LZ) 6.0) 16:5) 4.3) 10. 7)) 9.2) 12.4) 25.6) 7.6) 37.9 
Pear-Shape strain .... 2) 2.0) .8) 1.7) 2.1) 10.0) 42.7) 5.0) 5.3) 3.5) 4.1) 16.6) 6.1) 25.5 
Shade-Tree strain... . 17} 1.1) 1.9) 2.0} 3.3) 14.3) 26.8) 5.2) 8.9] 6.6) 8.5) 17.9) 3.5] 24.4 
Dense-Unproductive 
SOL GUMS. ae See emia oie 10} 1.4) 1.7) 3.2) 4.5) 16.2} 24.0) 5.6) 9.6] 5.3) 6.1) 18.3) 4.2! 25.6 
Lowest producing (ir- 
respective of strain) . 10) 2.3) 1.7) 3.7) 5.2) 29:1) 29.3) 5.0) 7.8) 4.7) 6.3) 14.0) 2.1) 19.1 


1 The season percentage is calculated on the production for the four months, May to August, inclusive. 


In Table XIII and in figures 12, 13, and 14 are shown some of the 
recorded differences in season of production of fruits of the Green and 
Tree-Ripe grades by the Eureka lemon trees of the various strains. 
On account of the interruption to regular picking which resulted from 
the freeze in January, 1913, only the three years from July, 1914, 
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to June, 1917, inclusive, have been considered in this study. Durmg 
this period pickings were made every month except in February, 
1917, when interfering rains made it impossible to do the work at 
the scheduled time. Inasmuch as it would be unfair to consider the 
fruit picked in March, 1917, as all produced during one month, it 
was decided that for the purpose of this comparison of seasonable 
production the crops picked at that time should be arbitrarily halved 
and credited to February and March equally. . 
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Fic. 12.—Diagram showing the percentages of the total yields of Green-grade fruits and of Tree-Ripe 
fruits, by weight, produced each month by the trees of the various strains of Hureka lemons in the inves- 
tigational performance-record plat during the 3-year period from July, 1914, to June, 1917, inclusive. 
The strains are arranged from left to right in the order of their rank for total production, as shown in 
Table X. 


The first part of Table XIII shows the average individual-tree 
production of fruit of the Green and Tree-Ripe grades for each month, 
expressed in pounds. The comparative behavior of each strain in 
this respect is best studied by expressing the monthly yields in per- 
centages of the annual crop, and these data are given in the second 
part of the table, and are shown graphically in figures 12 and 13. 
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In choosing between lemon trees which were alike in all other re- 
pects, that one would be considered the most desirable which pro- 
duced the largest quantity of fruit of the Green grade during May, June, 
July, and August. The summer heat causes a considerably increased 
consumption of lemons, resulting normally in a higher price being paid 
for them, especially in the late summer when the supply is greatly re- 
duced. Hence it will be understood that, other things being equal, 
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Fic. 13.—Percentages of the total yields of fruits of the Green and the Tree-Ripe grades, by weight, pro- 
duced each month by the trees of the various strains of Eureka lemons in the investigational performance- 
record plat during the 3-year period from July, 1914, to June, 1917, inclusive. The data here presented 
are the same as those presented in figure 12, being here rearranged to show more clearly the variations 
between the diferent strainseach month. Thestrainsarelistedfrom left to right in the same order asin 
figure 12. Arrangement of strains: 1, Ten highest producing trees; 2, 76 trees of the Eureka strain; 
8, 2 trees of the Dense-Productive strain; 4, 117 trees, entire plat; 5, 10 trees of the Small-Open strain; 
6, 2 trees of the Pear-Shape strain; 7, 17 trees of the Shade-Tree strain; 8,10 trees of the Dense- 
Unproductive strain; 9, 10 lowest producing trees. 


the most valuable variety or strain for the grower will be that one 
which produces the larger proportion of its fruit in the late spring and 
summer. Such fruit can be shipped immediately after it has been 
cured, and under normal conditions it will bring satisfactory prices. 

Fruit of the Green grade is normally picked only when it has reached 
a certain diameter. In practice this size sometimes varies at differ- 
ent seasons or on account of changed market requirements, and in 
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securing the investigational performance records the same standard of 
picking was followed each month as that used in the regular commercial 
picking. Table XIV shows the ring size used for Green-grade fruit at 
each picking from July, 1911, to June, 1917, inclusive. Fortunately 
for this study of seasonal variation, it will be noted that there was 
no change in ring size during the last two years of the study period. 
Fruit of the Tree-Ripe grade is sometimes picked as soon as it appears, 
and sometimes it is not picked until it reaches a certain size, which 
is usually smaller than the standard being used for fruit of the Green 
gerade. The practice varies in different orchards, and in any one or- 
chard it is usually influenced by climatic and market conditions. On 
this account it is believed that a consideration of the fruit of the Green 
gerade alone will give the truest index of the production habit of the 
various strains but the data for the fruit of the Tree-Ripe grade are 
included as a matter of interest. 

TaBLeE XIV.—Diameter of rings used in picking fruits of the Green grade from the lemon 


trees of the Eureka variety in the investigational performance-record plat during the 
5-year period from July, 1912, to June, 1917, incluswe. 


Diameter of picking ring for Diameter of picking ring for 
Green-grade fruit (inches). Green-grade fruit (inches). 
Month. > Month. 
1911-)1912—|1913-|1914—)1915-}1916- 1911-}1912-)1913-}1914-]1915-/1916- 
17 \) ls} 14 |~15 16 | 17 Wy 113} 14 15 | 16 | 17 
Sly ss ee ae DO | GEO | an 28, | 2%, | 22, |] January..........- 22, | 2.8, | 229 | 212/29, | 2.9, 
LOR cocoocsoaes 22, | 234 f.-2:- 28, | 23; | 23 || February......-.- Pe) Pe Neos 2H, | 225 |----- 
September.....--- 23, | 244 |.---- 2.8; | 22, | 22% || March...........--| 23% |----- 212 | 223 | 2.3 | 2% 
Octobertecesssss-ee Po | EE nso PEE | pA) CL agonile aces occascs 285 esses 28, | 29; | 29 | 2% 
November....-.-- De | 2eBy (eee) eeere| See lean, {| ciao eerie 235 |----- 28, | 295 | 2% | 235 
December.....- oea|| EE || Oe. || DAG || oe. | P|) 8. MN WBE) so scancooSdee PL | PL. || 28. || 28 || oxo. 
| 


In figure 12 the graphs representing the monthly production of 
fruit of the Green and Tree-Ripe grades are arranged by strains from 
left to right, according to their rank for average total production as 
shown by Table XI. To bring out more closely the variations in pro- 
duction each month between the trees of the different strains the data 
were rearranged as shown in figure 13. Each graph represents the 
proportions of fruit produced during a month by the trees of the vari- 
ous strains, which are presented in each month in the same order from 
left to right as in figure 12. 

The low production in January of fruits of both the Green and Tree- 
Ripe grades by the trees of all the strains is quite marked, and it 
is probable that if all conditions had been normal the records would 
indicate a gradual upward curve at that time instead of the break that 
is shown. Table IX shows that in 1914 and 1916 the time between 
the November and December pickings was longer than usual, which 
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would tend to increase the yield recorded for December. In those 
same two seasons the time between the December and January pick- 
ings was less than the normal period, resulting in a small recorded 
crop in January. Table XIV shows that a 2,%,-inch ring was used in 
picking the fruit in December, 1914, and for several months previous, 
but in January, 1915, a change was made to a 244-inch ring. This 
in itself would decrease the picking for that month more fiom half 
what it would normally be if a ring of the same size as in the preced- 
ing month had been used. The variations in the intervals between 
the picking period in succeeding months and the changes in the size of 
the ring used tend to make the data of monthly production within 
the strainssomewhat =z, 
variable, but these 
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and thesame practice 
was followed on the 
study plat, as is 
shown by the data for 
those months. 

It will be seen that 
there is considerable 
variation between 
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Fic. 14.—Diagram showing the percentages of the total annual crop 
of fruits of the Green grade produced each month by the trees of 
the Eureka and Shade-Tree strains of lemons in the investigational 
performance-record plat during the 3-year period from July, 1914, to 
June, 1917, inclusive. 


the trees of some of the different strains in the period of their heaviest 
production. The trees of the Eureka, Dense-Productive, and Small- 
Open strains bear the largest proportions of their Green-grade fruit 
from February to May, inclusive, while the trees of the Pear-Shape, 
Shade-Tree, and Dense-Unproductive strains have their Green-grade 
fruit more evenly distributed throughout the year, with their maxi- 
mum production from August to December, inclusive. If the fruit 
produced by the trees of the latter group of strains was desirable in 
texture and quality, their increase in production in August and Sep- 
tember would tend to increase their value. As a matter of fact, this 
fruit is not only undesirable but the total production of the trees of 
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these strains is so low as to make them expensive boarders for the 
grower. 

This difference in time of production between the trees of two of 
the most important strains is very clearly shown in figure 14. This 
diagram indicates the relative percentage of the total yield of fruit of 
the Green grade that was produced each month by the trees of the 
Eureka and Shade-Tree strains, showing the large proportion of fruit 
borne by the trees of the Eureka strain from February to May, in- 
clusive. During that period the trees of the Shade-Tree strain were 
yielding a relatively small proportion of their crop, the time of their 
heaviest production being from September to December, inclusive. 

Additional data regarding the season of production is given in 
Table XV, which shows the production from the entire study plat at 
each picking during the 3-year period from July, 1914, to June, 1917, 
inclusive. This is the record of the number of field boxes of fruit 
produced each month, including the culls. Stated in this concise 
form, the normal variations in yield from month to month are clearly 
shown. A study of the second half of the table shows that there are 
variations in the season of production in succeeding years. These 
differences are probably due partly to varying climatic conditions in 
the different years, partly to unavoidable changes in the intervals be- 
tween the pickings, partly to changes in the size of the ring used for 
picking the fruit of the Green grade, and partly to senaricie in the 
plan for picking the fruit of the Tree-Ripe grade. 


TaBLE XV.—Fruit yields of the lemon trees of the Eureka variety in the investigational 
performance-record plat for each month during the 3-year period from July, 1914, to 
June, 1917, inclusive. 

[The yields are expressed in terms of the number of field boxes of fruit, including the culls.] 


Total production (field boxes). Monthly percentage. 
Month. ; . 

; -year Ss -year 

1914-15 | 1915-16 | 1916-17 | “{oyot' | 1914-15 | 1915-16 | 1916-17 | JT ene, 
Sy ares asec tore. 18 25 14 57 2.40 3. 43 2.93 2.91 
NUIEUISt ene eee taeee | 5k 39 9 534 0.73 5.35 1. 88 2.73 
September..........- 164 504 10 77 2.20 6.93 2 09 3.93 
Octoberacescereereee 194 564 194 954 2.60 7.76 4.08 4. 88 
November.....--..... 432 444 264 1144 5.79 6.07 5. 55 5. 84 
Decemberssaeee eee oe 92 69 534 2144 12.25 9.47 11.20 10.96 
JANUS Pee se eee 133 32 18 632 1.83 4.39 3.77 3.26 
February. .......---- | 112 SORA Ss ae eeeee a 2002 14.91 6:93: uo gaes a 10. 26 
Marchistxscne ee cscs. 95 84 764 2174 12. 65 11.53 | . 16.02 11.10 
Apiaceae ere eee 147 972 123% 3684 19. 57 13. 42 25. 86 18. 81 
May ote aes eos | 1264 143 109 3784 16. 84 19. 63 22. 83 19. 34 
JUNG S22 ere eee: 62 37 18 117 8.25 5. 08 3.77 5. 98 
Mot alesee see ne 7514 7233 ATTE | 5 BTR a ER Re ea gees a ee a 
Heaviestees saeeene cee April. May. April. Mays. | jak 2 See Ree AS On ew eee | ees eee oe 
It SHiGes taeyeee eee ee ae August. Tilly; || Aupust.., |) Aumeiast. |i. See oe eevee crate ee ese | ema erate 


a February is credited with half of the production for March in 1917. 


In order to show in a more striking manner the variations in fruit 
production by trees of the different strains, Table XVI has been pre- 
pared. This presents the calculated yields per acre of fruit of the 
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Green and Tree-Ripe grades from the trees of the various strains, on 
the basis of their production for the 3-year period from July, 1914, to 
June, 1917, inclusive, as shown in Table XIII. This indicates an 
average total commercial crop of 224 packed boxes per acre by the 
trees of the Eureka strain, and a yield of only 89 boxes per acre by 
the trees of the Dense-Unproductive strain. The 10 highest produc- 
ing trees in the plat bore at the rate of 314 boxes per acre, while the 
10 lowest producing trees would have borne only 844 boxes on the 
acre basis. The average of the 10 highest producing trees was 60 per 
cent more than the average of the entire plat, and the average of the 
10 lowest producing trees was only 34 per cent of the average of the 
plat as a whole, or 27 per cent of the amount produced by the 10 high- 
est producing trees. | ‘ 


Taste XVI.—Annual yields and calculated production per acre of fruit of the Green and 
Tree-Ripe grades picked from the lemon trees of the various strains of the Eureka variety 
in the investigational performance-record plat for the 3-year period from July, 1914, to 
June, 1917, inclusive. 


Average annual production, 3-year period. 


Num- Production per Calculated production per 
ber of Description of trees. tree (pounds). acre (packed boxes). Percent- 
trees. 7 age of 
average 
Green |Tree-Ripe| Green |Tree-Ripe Total of plat. 
grade. | grade. | grade. | grade. EN 
10 | Highest producing (all Eureka : 
SULAIM) Sv aocee os Secession we 272. 26 95.05 232.93 81.32 314. 25 160. 36 
WOuieeurekais trains 222252) S28 250..2 180. 11 81.99 154.09 70.10 224.19 114.41 
2 | Dense-Productive strain. ..-....... | 231.10 65. 91 197.72 56. 39 254. 11 129. 67 
ME MUIRG DLAb sees -cacie-oesne cocks a= 162. 62 66. 43 139. 13 56. 83 IE RO lad paaasonose 
10 } Small-Open strain................- |* 153.79 63.70 131.58 54. 50 186. 08 94.96 
2 | Pear-Shape strain. ..---...-.-.---- 103. 58 75. 67 88. 62 64. 74 153. 36 78. 26 
Lipo Ade-Lree\Surain | s~s\-cacmcioec ci 134. 81 24. 85 115. 34 21.26 136. 60 69.71 
10 | Dense-Unproductive strain..-....- | 83. 69 20.19 71.60 17.27 88. 87 45.35 
10 | Lowest producing (irrespective of | 
Sciam Benen ease ec cancicke s+ | 1.56 17.31 69.78 14. 81 84.59 43.17 


Inasmuch as it is the practice in picking lemons to go over the trees 
at regular intervals, picking each time all fruit that is above a speci- 
fied diameter, it is interesting to determine what differences there 
may be in the average weight of the fruits produced by the trees of 
the different strains. Because of the definite rules governing the time 
of picking and the size of the fruit picked, whatever differences are 
found between any of the strains are probably due to variations in 
(1) the rapidity of growth of the fruit, (2) the physical composition of 
the fruit, or (3) the shape of the fruit. The rapidity of growth of the 
fruit is influenced by the vegetative character of the trees and by the 
quantity of fruit produced. Thick-skinned fruits are lighter than 
thin-skinned ones of the same diameter. Short, rounded fruits are 
usually lighter than fruits of the same cross diameter which are 
longer, unless the increased length is largely made up of thickened 
peel 
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Table XVII gives the average weight per fruit of lemons of the 
Green and Tree-Ripe grades produced by the trees of the various 
strains of the Eureka variety during the 6-year period. The data for 
the two grades combined is shown graphically in figure 15. Many of 

: the fruits of the 
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TRLES fo) 2 4 Tree-Ripe grade are 
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3 a average weight is 
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Green-grade fruits. 
mav-7-= Throughout the 
progress of these 
: : studies the fruits of 

Fic. 15.—Diagram showing the average weight per fruit of the Green 
and Tre e-Ripe grades from the trees of the various strains of Eureka the Pear-Shape 


lemons occurring in the investigational performance-record plat strain have been 
for the 6-year period from July, 1911, to June, 1917, inclusive. 
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recognized as de- 
cidedly slow growing, especially in view of the light production of 
the trees of that. strain. The trees of the Dense-Unproductive and 
the Shade-Tree strains are not only low producers, but are also very 
vigorous growing, and their fruits are shown to be above the average 
of the other strains in weight, as would be expected. 


TaBLe XVII.—Average weight per fruit for lemons of the Green and Tree-Ripe grades 
produced by the trees of the various strains of the Eureka variety in the investigational 
performance-record plat during the 6-year period from July, 1911, to June, 1917, inclusive. 


| Average weight per fruit 
Num- ; (ounces). 


Description of trees. 


trees. Green |Tree-Ripe| Both 
grade. grade. grades. 


2 | Pear-Shape strain.......----.- aS 4. 270 3. 194 3. 790 


7@| Wureka straim..-....--..---- Pe 4. 273 3. 476 4. 012 
10 | Small-Open strain i 4.275 3.513 4. 048 
bly alia Sanit 0) Phineas Ace sab anee Name a ase aaa sae Nemes ane a cesnansiaase 4. 295 3. 483 4. 050 
10 | Highest producing (all Eureka strain).-........--.---------------- 4. 280 3. 490 4,059 
2) | mDense-Produchiyelstralleesss ee eee eee een eee eee 4,318 3. 470 4.113 
10 | Lowest producing (irrespective of strain)........--..---..--------- 4.377 3.546 4.214 
LO} =D ense=Unproductiverstralneeseesen sea eee see eae ae 4.411 3. 575 4. 244 
17): Shade=Dree strains. bee 20s sees sates =e Se ot Ae eee 4, 391 3. 624 4, 271 


Figure 16 illustrates graphically the variations in the average seed 
content of the fruits from the lemon trees of the different strains of 
the Eureka variety in the investigational plat. It is shown that the 
fruits of the Eureka strain contain on the average 7.1 seeds per 
fruit, which is more than was found in the fruits of any other strain. 
The fruits from the undesirable Shade-Tree and Dense-Unproductive 
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strains are more nearly seedless than any of the others, containing 
1.84 and 2.26 seeds per fruit, respectively. 
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Fig. 16.—Diagram showing the average number of seeds per fruit on trees of the various strains of Eureka 
lemons in the investigational performance-record plat, during the 5-year period from July, 1911, to June, 


1916, inclusive. 


In conducting the studies of the seed content of the fruits it was 
very noticeable that there was a considerable variation in different 
months of the year. In order to show this seasonal variation, Table 
XVIII has been prepared, presenting the average number of seeds 


found in fruits of the 
various strains during 
each month. This 
table shows a fairly 
uniform regularity of 
variation during the 
different months for 
the several strains 
listed, the time of low 
seed content coming 
in October, Novem- 
ber, and December, 
with a rapid increase 
from that time till 
April, May, and June. 
Figure 17 shows this 
variation graphically 
for the four strains 
that were most fre- 
quent in the perform- 
ance-record plat. The 
other strains and 
groups shown in 
Table XVIII conform 
so closely with the 
curves shown in figure 
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Fic.17.—Diagram showing the average number of seeds per fruit found 
each month on trees of some of the most important strains of the 
Eureka lemon in the investigational performance-record plat, dur- 
ing the 5-year period from July, 1911, to June, 1916, inclusive. 


17 that it was impracticable to represent all 


of them clearly in this diagram. A comparison of figures 16 and 17 
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shows that with the trees of the Eureka, Small-Open, and Dense- 
Productive strains the period of highest seed content corresponds in 
general with the time of the heaviest production of fruit. 

Taste XVIII.—Average number of seeds per fruit picked from lemon trees of the various 


strains of the Eureka variety in the investigational performance-record plat during each 
month of the 5-year period from July, 1911, to June, 1916, inclusive. 


if 

Num- For 

per Description oftrees. _|July | Aug.|Sept.|Oct. |Nov.| Dec.| Jan. |Feb. |Mar. | Apr. | May|June a 

trees Tiod. 

76 | Eureka strain.......-...-. 7.13) 6.27| 4. 83] 4.00) 3.99} 4.18) 5.13) 8.06] 9. 62/12. 23/10. 92) 9. 67} 7.10 
10 | Highest producing (all : 

Eureka strain)-..---.--- 6. 87] 6. 36] 5. 20} 3.50) 3.54) 4.46) 6.04] 8. 93] 9. 29)11..85/10. 63) 8. 46] 7. 02 

2 | Dense-Productive strain...| 5.25) 6. 69) 6.59) 3.00) 2.22) 3. 69) 4. 33} 7. 50} 8. 42/10. 52)11. 80) 9. 20} 6. 51 

10 | Small-Open strain.....---. 6. 75| 5. 00) 4.39] 2. 86} 3.08] 3.07) 4. 49} 7.22) 8.07] 9.90) 9. 81) 8. 80) 6.03 

107 |Pentiresplatsse=— eee e eee 6. 18] 5. 32) 4. 16} 3. 33] 3.14) 3. 29) 4. 15) 6. 64) 8. 15/10. 29) 9.11) 8. 30) 5. 92 

2 | Pear-Shape strain---....---. 3. 00) 3. 60) 1.13] 1.60} .57| 1.18} 1.21) 3.05) 2.25} 4. 06) 3. 95) 3. 72) 2.34 

10 | Dense-Unproductive strain] 2. 75} 2.38) 1.82) 1.97) 1.17 68] . 95) 1. 58) 3. 46) 3.57) 3. 78) 4. 38) 2. 26 

10 | Lowest producing (irre- 
spective of strain)-.....-- 2.38) 1.92] 1.52) 2.01) .94) .53) .94) 1.26) 2.66) 2.41) 3. 41) 3.65) 1.90 
17 | Shade-Tree strain. -.....-- 1. 93} 1. 47} 1.40) 1. 28 69 78) . 99) 1.57] 3.00) 3. 65) 3.16} 2. 76} 1. 84 


COMPARATIVE VALUE OF THE STRAINS. 


The individual-tree performance-record studies of the Eureka 
lemon strains, and observations of typical trees of these strains in 
many orchards in different citrus districts have led to certain con- 
clusions as to the comparative'value of the different strains for com- 
mercial lemon production in California under existing cultural and 
marketing conditions. 

In the Eureka variety only the Kureka, or Productive, strain has 
given satisfactory production from all standpoints. Its tendency to 
produce fruits throughout all seasons of the year is a valuable one. 
This characteristic of continual bearing has been the main reason for 
the planting of the Eureka variety by citrus growers in many districts. 

The fruits of the Eureka strain are of desirable shape for making a 
satisfactory commercial package. The juice has a high percentage 
of acidity and is of superior quality. The fruits, after curing, develop 
a smooth texture of rind, have a light yellowish or strawlike color, 
giving them a waxlike appearance, and remain solid and firm when 
handled in the market. 

The Variegated strain is of some value in a very limited way, par- 
ticularly for ornamental purposes. The striking appearance of the 
striped leaves and fruits has led many persons living in the citrus 
districts of California to grow one or move of the Variegated trees in 
their home grounds. The fruits, while of little commercial value, 
are of fair quality for home use. 

The other strains of the Eureka variety studied in these investiga- 
tions are of little or no commercial value. Some of them, such as 
the Shade-Tree, the Pear-Shape, and the Sporting strains are actually 
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very detrimental to the reputation of the California lemon industry, 
from the fact that the fruits from the trees of these strains are of 
inferior quality ‘and when placed on the market are likely to be the 
cause of serious disappointment to the consumers. The Eureka 
strain is the only strain in this variety which is of commercial value. 


THE UNINTENTIONAL PROPAGATION OF UNDESIRABLE STRAINS. 


The originators and early propagators of lemon varieties in Cali- 
fornia have usually used the fruit characteristics as a measure of the 
comparative value of the parent trees for propagation. Later, the men 


who secured commer- 
cial bud wood from 
orchards of the estab- 
lished varieties lost 
sight of the impor- 
tance of the fruits in 
theselection of parent 
trees as sources of bud 
wood. Inmostcases 
they secured bud 
wood from the trees 
where it was easiest to 
get it—that is, from 
vigorous-growing 
trees of the vegeta- 
tive strains. These 
straims are usually the 
least productive and 
the least desirable. 
Other propagators as- 
sumed that the size of 
the tree was correlat- 
ed with production; 
therefore they se- 
cured their bud 
wood from the 
largest trees. In 
other cases nursery- 
men assumed that 
they could grow the 
best nursery stock— 
that is, the largest 


Fig. 18.—Fruit-bearing bud wood on a lemon tree of the Eureka 
strain, with typical fruits attached. The leaves have been removed 
from one bud stick in order to show the method of preparing the 
bud sticks for use. . 


nursery trees, in a given time from sucker bud wood secured from 
the largest parent trees. The result of these various practices has 
been the unintentional propagation of poor fruiting strains. It is 
believed that the most frequent and important cause of the propaga- 
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tion of the undesirable strains has been the natural tendency of the 
bud cutters to secure bud wood from the trees producing the most 
suckers. In other words, they cut their bud wood from the trees 
where they could most easily and quickly secure the largest supplies. 

The method of using fruit-bearmg bud wood for the propagation 
of the citrus varieties, as shown in figure 18, has been evolved in the 
course of these investigations and has largely eliminated the danger 
of the unintentional propagation of the vegetative strains of the 
Eureka lemon. The use of fruit-bearing bud wood naturally results 
in bud cutters securing most of their bud wood from the most heavily 
fruited trees, because more fruit wood is available on such trees than 
on trees of the poor fruiting strains. When performance records are 
used as a basis for parent-tree selection and only that bud wood used 
for propagation which bears typical fruits, the danger of propagating 
the undesirable strains is largely eliminated. 


THE ISOLATION OF STRAINS THROUGH BUD SELECTION. 


The orchards of the Eureka lemon variety in California are made up 
of trees of many diverse strains which have originated from bud 
variations. The description and characteristics of some of the 
important strains have been presented herewith. It is obvious from 
these data and observations of the behavior of the trees of the different 
strains that some of them are not worthy of propagation, because of 
low and inferior production. Other strains mature their fruit during 
poor marketing seasons when the prices for lemons are usually low. 
The trees of some of the strains produce fruits low in acidity, of un- 
desirable shapes for packing, of coarse ugly texture, with little or no 
juice, or with some other undesirable characteristics. It has been 
proved that a mixture of strains in orchards is very undesirable and 
is likely to make the maintenance of such orchards unprofitable. 

After determining the relative value of the different strains for 
commercial production in California, the next step in these investi- 
gations was the attempt to isolate each of the important strains 
through bud selection. This study was made by propagating from 
typical trees of each strain, selecting the bud wood on the basis of 
tree-performance records and intimate tree knowledge. Only fruit- 
bearing bud wood was used for this pupose, with typical fruits of the 
strain attached to each bud stick. 

The first trees grown from these propagations are now 4 years 
old from planting. Individual-tree performance records are being 
secured from some of these progenies. While the performance- 
record data obtained in the course of this work are incomplete as yet, 
there is sufficient evidence in hand to warrant the statement that 
each of the important lemon strains has been isolated through bud 
selection. This means that the strain characteristics in the progenies 
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of the typical parent trees have been uniformly transmitted. Varia- 
tions in some of the individual trees in these progenies, similar in 
degree to those of the parent trees, have been found. Towever, no 
mixture of strains has been discovered so far in the progenies. There- 
fore, it can be safely stated at this time that it is practicable to iso- 
late the different strains through bud selection 
based upon individual-tree performance records 
and intimate tree knowledge. 


TOP-WORKING UNDESIRABLE TREES. 


The healthy unproductive lemon trees of 
undesirable strains in bearing orchards can 
usually be successfully top-worked through 
the use of bud wood selected from desirable and 
superior performance-record trees. Figure 18 
shows two such bud sticks before they have 
been cut from the parent tree. Three bud 
sticks cut from the tree and ready for use are 
illustrated in figure 19. 

The top-working is usually best done during 
the months of April, May, and June. As a 
rule, in the instances under observation, the 
best. results have been obtained durmg May 
and early June. Fall top-working is not usu- 
ally done on account of possible frost damage 
to the tender growth, except that it is the 
practice of some growers to insert buds in the 
trees to be top-worked during the late fall 
and allow the buds to remain dormant un- 
til spring. The advantage claimed for this 
method is that if any of the buds do not unite 
with the limbs in which they have been in- 
serted and die during the winter new buds can 


Fig. 19.—Typical fruit-bear- 
i 5 z E : ing bud sticks from a lemon 
be used in the spring, resulting in amore uni- tree of the Eureka strain. 


3) 
o 5 : The bud sticks after being 
o a= 5 
form stand than with spring budding. Obser eae itr Pachonidne 


vations during the course of these investigations packed in slightly mois- 
do not bear out this contention, so that spring — fene®, SPhagniim moss ake 
2 3 eld in a cool room until 
budding is strongly recommended for top- needed for use. (One-half ° 
workine natural size.) 
5: 

The trees selected for top-working should be so pruned as to allow 
free access to the limbs in which the buds are to be inserted, as shown 
im figure 20. The limbs for top-working should be selected from the 
standpoint of furnishing a strong and suitable framework for the 
new tops. Usually from three to five such foundation limbs are 
necessary for the best results. The best place for the insertion of 
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the buds on the limbs is usually from 1 to 2 feet from the fork of the 
branches. The best results are usually obtained by using two buds 
‘for each limb and inserting them near the under side of the limb. 


Fic. 20.—An undesirable lemon tree of the Eureka variety rebudded with select buds from fruit-bearing 
wood, showing the pruning of the tree preparatory to budding, position of the buds, and method of 
wrapping the buds with strips of waxed cloth. 


At least one of the two buds on each limb is likely to develop, so that 
a perfect stand can usually be secured in this manner. With old 
trees having a thick bark the space where the buds are to be inserted 
should be thinned down with a sharp knife. In the case of older 
trees having very heavy bark the bark should not only be thinned 
down but a small section of it should be removed where the bud is 
exposed. This precaution frequently prevents the thick bark from 
growing over the inserted bud and killing it. 
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In from 10 days to 2 weeks after the buds have been inserted 
they will have united with the limbs, and the wounds in the limbs 
will have healed. At this time the limbs in which the buds have 
been placed should be cut off about 6 inches above the buds and all 
other limbs removed from the trees. . In some instances one limb, in 
addition to those which were budded, is allowed to remain for a year 
after budding, in order to preserve somewhat the balance of the 
tree and to act as a nurse limb, so to speak, for the budded limbs. 


Fig. 21.—A typical lemon tree of the Shade-Tree strain of the Eureka variety, top-worked with fruit- 
bearing bud wood from a tree of the Eureka strain in June, 1911. The original unproductive top has been 
replaced with a productive one bearing fruit of the finest quality. Thefreeze of January, 1913, severely 
injured this tree and retarded its development. Photographed in February, 1915. 


When the limbs have been cut off, the cut surfaces should be covered 
immediately with grafting wax, asphaltum, or other protective 
material. The trunk and parts of the limbs left after cutting should 
be thoroughly coated with whitewash, in order to protect them from 
injuries due to sunburn. After a year the stubs of the rebudded 
limbs should be cut back again, making a smooth sloping cut and 
leaving only one sprout from one bud on each limb. The cut sur- 
faces should again be covered immediately with some protective 
material. - 
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For two or three years after top-working, great care must be 
used in order to remove all growth other than that from the buds 
inserted in the limbs, otherwise the new top is likely to be made up 
partly of sprouts from the trunk and limbs instead of wholly from 
the selected buds, and the object of top-working be thereby defeated. 
Under normal conditions the growth from the selected buds in the 
top-worked trees will begin bearing lemons in the second year 
and during the third and fourth years will produce profitable crops 
(fig. 21). 


_REPLACING UNDESIRABLE TREES IN BEARING ORCHARDS. 


In some instances it is desirable to remove the unproductive, 
unhealthy, or otherwise undesirable trees im full-bearing orchards 
and replant with reliable trees grown from selected buds rather than 
to top-work them. Until recently such replanting has frequently 
been unsuccessful. Experience has shown, however, that such 
undesirable trees can be removed and Hal: trees spines for 
them, when careful attention is given to a few fundamental require- 
ments in providing the proper conditions for the young trees. 

The trees selected to be taken out should be removed during the 
late summer or early fall. Excavations should be made for the new 
trees immediately after the older trees have been taken out. In this 
work holes should be dug about 5 feet in diameter and from 2 to 3 | 
feet in depth. The holes should be filled with good topsoil, mixed, 
if possible, with well-rotted manure. They should be left in this 
condition during the winter and early spring so that the loose soil 
and manure in the holes will settle into position. The holes should 
be filled so that after settling the fillmg will stand at least 6 or 8 
inches above the level of the land in the orchard. In this way any 
future settling will be provided for, and the new trees will eventually 
stand in the same position with ee to the surface of the land 
as the remainder of the trees in the orchard: 

In the spring when the young trees are planted in the places pro- 
vided for them, care must be taken to see that they are given sufficient 
water during each irrigation. This is usually best done by making 
a special irrigation furrow alongside or around each tree. It is also 
advisable to give the replanted trees small applications of some 
quickly available nitrogenous fertilizer, in order to stimulate early 
erowth. 

With large, well-prepared planting holes, adequate irrigation, and 
additional fertilization, the replanted trees will grow in bearing or- 
chards about as well as though planted alone. Sometimes it is advis- 
able, particularly in the case of close plantings, to dig trenches midway 
between the bearing trees and the replanted ones and fill them with 
manure. This precaution will enable the young trees to establish 
themselves without competition with the roots from the older trees. 
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THE SELECTION AND CARE OF BUD WOOD. 


Bud wood should be taken only from trees whose behavior has been 
recorded by means of performance records. The selection of the par- 
ent trees should be based not only upon their performance records but 
also upon intimate tree knowledge developed from careful observation 


Fic. 22.—Nursery trees grown from fruit-bearing lemon bud wood of the Eureka strain, two years after 
budding, showing the vigorous growth and early fruiting tendency of trees propagated from such buds. 
and experience with the variety, the strain, and the individual trees. 
Fruit-bearing bud wood should be taken only from superior trees. 
The buds from this immature bud wood make as satisfactory growth 
as those taken from larger growth or more mature wood. The lemons 
attached to each bud stick indicate the type of fruit propagated and 
insure so far as possible against the use of buds from sporting or un- 


. 
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desirable branches. More buds can be cut from productive trees if 
this method is followed than from unproductive ones. Sufficient evi- 
dence, both experimental and practical, has been obtained to warrant 
the statement that fruit-bearing bud wood from productive trees is 
the most desirable kind to be used for propagation. The vigorous 
growth and early-fruiting tendency of nursery trees grown from such 
bud wood are illustrated in figure 22. 

After the bud sticks have been cut the leaves and fruits should be 
clipped off, as shown in figure 19, and the bud sticks from each tree 
tied in a separate bundle with the number of the tree marked on one 
of the bud sticks or on a suitable label tied to the bundle. In this way 
the progeny of each tree can be kept separate if desired. 

As soon as the bundle of bud sticks is obtained it should be wrapped 
in some moist material, commercial sphagnum moss being suitable for 
this purpose. In moistening the dry moss, either of two methods may 
be followed. The moss can be moistened safely by adding about half 
an ounce of water to each ounce of dry moss, or it may be steamed or 
soaked in water, after which it should be run through a clothes wringer 
so adjusted as to bring the greatest possible pressure to bear on the 
moss. ee 

If the bud sticks are to be kept for some time before being used they 
should be stored where the temnperature is about 70° F. and does not 
fluctuate greatly at any time. -» Under these conditions the bud wood 
may be kept in good condition for several weeks. 

In May, 1917, the California Fruit Growers’ Exchange, a cooper- 
ative organization of about 8,000 citrus growers, established a bud- 
selection department as a result of these investigations. The purpose 
in the organization of this department is to provide adequate and reli- 
able sources of bud wood of citrus varities, including lemons, for use 
by all growers and propagators. As this department was established 
as a matter of public service and for the benefit of the citrus industry 
as a whole, the buds are distributed at cost to those who apply for 
them, whether the applicants are members of the exchange or not. 
The buds are taken only from trees selected on the basis of their per- 
formance records for several successive seasons. The orchards for this 
purpose are selected for their known production of superior crops of 
valuable fruits. . 

In obtaining commercial supplies of reliable bud wood from the su- 
perior individual trees of the best strains in the orchards finally selected 
for this purpose, the purchaser has the opportunity of visiting and 
studying the trees from which bud wood is to be cut, inspecting the 
records of the individual trees, and examining the fruits produced by 
them. 

In cutting the bud wood from the carefully selected trees only fruit- 
bearing wood is chosen. ‘The fruits from the bud sticks are returned 
to the owner of the trees. Each lot of bud sticks from each tree is 
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tied in a bundle and the number of the parent tree or a key number 
is attached to it. In this way the propagator, if he so desires, can 
keep the progeny of each parent tree separate. 

The bud sticks are cut only by men trained in this work, so as to 
avoid the danger of cutting bud wood from variable branches and to 
insure against mistakes in choosing the bud wood. The bundles of 
bud sticks are packed in properly moistened, sterile, sphagnum moss 
and delivered to the propagators as soon as practicable, in order to 
avoid possible injuries from storage. In this way trees of the best 
lemon strains are being propagated, so that the production from 
orchards planted with these trees can reasonably be expected to be 
uniformly of the best type and quality, thus insuring the best possible 
economic results to both the producers and the consumers. 


SUMMARY. 


The important commercial lemon varieties now grown in Cali- 
fornia are the Eureka, Lisbon, and Villa Franca. The Eureka 
variety originated from a seedling in the city of Los Angeles about 
1860. . 

Several important strains of each of the varieties have arisen 
through the unintentional propagation of bud variations. In this 
bulletin only the variations within the Eureka variety are discussed. 
Descriptions of variations in the Lisbon lemon will be found in 
United States Department of Agriculture Bulletin No. 815. 

‘Bud variations are of frequent occurrence in some of the trees of 
the Eureka variety. They are of great importance to the lemon 
industry in that some of the strains which have developed from them 
are inferior in quantity and quality of production. Bud variations 
are much more common in lemon varieties than has heretofore been 
thought to be the case. They occur as variations in the habit of 
tree growth, in the characteristics of foliage and blossoms, and in 
the color, shape, size, texture, juiciness, and other characteristics of 
the fruits. 

The object of these investigations has been to determine the 
behavior of the trees of the different strains and of the individual 
trees within the strains, to develop practicable methods for elimi- 
nating undesirable trees in established orchards, to prevent the 
propagation of inferior strains, and to isolate and propagate the 
superior ones through bud selection based on individual-tree perform- 
ance records and on intimate tree knowledge. 

The plan of work in these investigations has been to secure 
individual-tree performance records in carefully selected plats of the 
Eureka variety where the conditions are most favorable for obtaining 
reliable and comparable data. 
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The method of keeping the individual-tree performance records is 
to pick each tree separately, assort the fruits, count and weigh them; 
make descriptive notes, photographs, and drawings of the trees, 
foliage, and fruits; and record these data so that after an adequate 
number of studies have been made conclusions as to varietal, strain, 
and tree behavior can be safely drawn. 

In ‘these investigations eight strains of the Eureka lemon have been 
studied, their characteristics described, and the performance of 
typical individual trees recorded. 

Some of the lessons taught by these studies include the discovery 
of the importance of bud variations and the comparative value of 
the different strains arising from them, the necessity for and methods 
of isolating the valuable strains and eliminating the unprofitable 
ones through bud selection, the determination of the characteristics 
of the trees, flowers, and fruits of the different strains, and the 
origination and introduction of improved methods of propagation 
for. conserving and improving the production of the lemon industry. 

The desirable strains can be isolated through bud selection based 
on tree-performance records and intimate tree knowiedge. 

Undesirable healthy trees in established orchards can usually be 
successfully top-worked by the use of carefully selected buds. 

The undesirable unhealthy trees can be replaced in established 
orchards through replanting with desirable ones when proper atten- 
tion is given to the preparation of the planting holes and adequate 
care in irrigation and fertilization is given to the mdividual trees. 

Only fruit-bearing bud wood from superior parent trees selected 
on the basis of their performance records and intimate tree knowledge 
should be used for propagation or for top-working. 

In California, as a result of these investigations a department of 
bud selection has been established by the California Fruit Growers’ 
Exchange, a cooperative organization of citrus growers, whereby 
reliable bud wood from superior performance-record lemon trees 
can be obtained by all growers and propagators. 
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INTRODUCTION. 


Data regarding the amount of work that farm implements, teams, 
and crews may reasonably be expected to do are of value— 

1. In determining the equipment that should be used on farms of 
various types and sizes. . 

2. As a guide to the farmer who plans to locate where farming 
conditions are unfamiliar. 

3. As a guide to the farmer who plans to change the size of his 
farm or his type of farming. 

4. As offering the investigator more or less assistance in deter- 
mining the amount and value of work necessary in the production 
of crops. 

During the winter of 1918 and 1919 reports were obtained from 
nearly 600 farmers in McLean County, Ill., concerning the rate of 
doing work with the farm implements, teams, and crews in use there. 
Each of these farmers gave his estimate of an average day’s work 
on his place for each of the field operations, and the average time 
required for the operations not directly measurable in terms of a 
day’s work. The results of this inquiry are set forth in the following 
pages. — 

It will be understood that the averages here presented are to be 
considered as representing, in each instance, but one factor of sev- 
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eral that must be taken into account! in working out any particular 
problem with regard to farm implements, teams, and workmen. 
Size*of farm, distribution of labor, cost of operation, etc., must be 
known before specific application can be made of these figures. They 
indicate what is actually being accomplished in the average farm 
practice of the area. It is for the individual farmer to judge, by 
applying the data in the light of his own peculiar conditions, 
whether he is getting efficient service from his machinery and crews, 
and whether they are of the best size for his purpose. 

While these data are strictly applicable perhaps only to the Mc- 
Lean County area, the practices followed on the farms in question 
are so typical of those of a large and widely distributed class of 
Corn Belt farmers that the results may be assumed to apply, at least 
in a broad way, to all parts of the Corn Belt where soil and condi- 
tions in general are comparable. It should be borne in mind that 
the figures presented do not represent actual, recorded performance, 
but are averages derived from careful estimates made by the 600 
farmers who contributed to the making of thas studi y. 

In the latter part of the bulletin figures for various farm opera- 
tions, as determined by this study, are shown in comparison with 
figures for the same operations in western New York, as determined 
by a like study made. there some years ago. 


SUMMARY OF RESULTS. 


_ The outstanding facts brought out by this inquiry are summarized 
in Table I. By reference to this table one may learn at a glance 
the average number of acres covered per day by these Illinois farm- 
ers in the different operations, according to size of implement or 
team, or the average number of minutes required per load in handling 
hay, ear corn, oats, and manure. 


TABLE I1—Summary of performance of implements, workmen, and crews in most 
common use in central Illinois. 


F - Acres 
Implement or operation. Size. Horses. Men. per day 

Sulky plow: 

Spring plo wine se oon. esse eae eee eee 16inches...---..... 3 it 3.02; 

Hall plowing: \=-35s 405. Saseee - sees eee a eat GOrs ss eeneee 3 1 2.58, 
Gang plow: 

Spring plowing e235. ese ae eee 28inches_....-..-.- 5 1 5.15: 

Kall plowing s 2225 i200. Stee maces ee Bice se elem oe GOs eaaeeane 6 1 4.71 
Tractor plow: 

Spring plowine ss ees an mee e sees eee oe Cees 42 inehesi oy sees pease eee 1 8.67 

Hall plowing. 5-- 22 spf 28 ee Sen eet ee et 2 eS aa ese Ol so5. e e|aeeeeas 1 8.06 
Disk harrow: ; 

Well-packed Jand<.°. 2: js gp.eaiseesece tee ee Sfeet-ta sees 4 1 17.4 

Breshly-plowed land)ee-eeeeee ence eee ae eee aac leanne CO sea seseaas 4 1 15.5 


1 Experience has shown that the variation in such estimates is no greater than the 
variation in the results of efforts to obtain precise records by actual observation of farm 
operations, watch in hand. This latter method was tried out by the Office of Farm Man- 
agement several years ago and discarded as impracticable. (See Dept. Bul. 3, “A 
Normal Day’s Work for Various Farm Operations,” p. 5.) 
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TABLE I—Summary of performance of implements, workmen, and crews in most 
common use in central Ilinois—Continued. 


Implement or operation. Size. Horses. Men. ioe day 
PSPLRG-POOUM DALEOW =o ccc ce renin vm nme eae eae n main ole JANET narnpaeac ace 4 1 40.6 
Corn planter: 
SERRE OU Clete ste, tle con encloses e(ises cca e «ok 42imches:.2.-.--.-- 2 1 17.8 
VUE 245 635 SS EN ee Se ee a ee es 1 be eee 0 eee Senesnd 2 1 20.0 
Corn cultivator: 
Mnvemowaloinp ys feo ss estes es sitio. opens COSI at 2 sates 2 1 7.8 
Tyas Dw lyse ae ar Ses oscesdre Seer mbeeere! booce! GO isa sec222 = 3 1 13.5 
Cutting and shocking corn by hand......-.......-----|..-------+----------|--------:- 1 1.28 
MUO MIRPIERIC Cle cach. Siclale cists aint mt wintcle claiale erate = ola micptitine alm 'ele'atn.ainioinieae - 3 1 7.66 
Hhogsuneconnatiereormibinder iiss sso) tt... cle Soa eee ols dntet tial eeetcs nse 2 6. 66 
Husking corn from standing stalks_...................|..------------------ 2 1 1.67 
MEOHMTNCUMICMOrs sat -81 03 iso c i t-2 = S32. S22 okie. 22 oe [Paar tne nice earn aebete 5 1 6.8 
ISO GIS LO SCC Ghee ae eee ee ee SDM ee ter ees «tele = = 2 1 52.1 
COO oT inthe Sohe BES SS 2. A ee ey ee Sifeetey es.) ket 2 4 1 14.9 
SGT [EG TS SRR Se ee eee | Osta az 4oe4 4 1 17.9 
Sha CETTE Ce SoS ses Se eds ee ae | Oe ee ee ee 2 17.4 
White serv f3,07 ol owas ie Ree ne ee PileCtwe sone soecca 2 1 10.4 
PBAG Osea stl tina si. soe cians Seuisleceeh se. ae Lfeetss:. 5.4. s22- 2 1 20.8 
LEANER GME ope see Sein ot weaie Sacks a'St asinine nes ee ne Safer Gh psaA aaa ee 2 1 20.8 
Minutes 
per load. 
Unloading ear corn: 
Withiscoop'shovel--<.. 28.355. ee ss. 2282. ssshecs AM ushelssse2: sel a sekt ee 1 28.1 
With portable elevator....:-2...-02-.---0422-2-.-|ee--- COMER eh Seay aa oe 1 7.8 
Unloading oats: 
Mamniscoop Shovelas--22 5 sc--o-seeicans-cosees- 5 -- Suipushels# ess. ece ls: 552s 1 25.6 
With portable elevator.-.............-..-..------|----- Chit! ae NEE ee ee eae ee 1 7.9 
aed 
Reeread gate ent eee Seth bee fee ose. 26k {2 tons. 2223 £e-.'. 2 3 31.4 
With rake nae load eleeee nae seer. Se OO a Aene eae ; 2 3 23.2 
Unloading hay into mow: 
TENYP RAE eects Aa seie os cate Se cclaime eis lc caereiachvelle - - ol Lee (310). SAS Se eee |Peaee atarae 3 41.0 
UILG Rn VOD Kees iso aa cesta cee cok opine = = <5 | eee COs Se Sapa seers 4 18.2 
Hauling and spreading manure: 
NVA IS pr CAG Cresson. sc cao acini satcicaepicwee +s 65 bushels.....-.-.- 3 1 45.6 
With wagon box....--.-.....---.. eS es ase jesse cs 44 bushels.......-.. 2 1 68. 4 


GENERAL CONDITIONS. 


Most of the farms in the area covered by this study are level, the 
soil is free from stumps and stones, and the fields are regular in 
shape. This permits more efficient use of farm machinery, especially 
of the larger sizes, than is possible in some sections of the country. 
The average size of all the farms from which the reports were ob- 
tained is 199.5 acres. An average of 32.1 acres per farm is never 
planted to crops, thus leaving an average crop area of 167.4 acres per 
farm. The land not planted to crops consists usually of the farm- 
stead, roads, lanes, and possibly a small permanent pasture and wood 
lot. Corn is the principal crop, at least one-half of the crop area 
being devoted to the growing of this cereal. The oat crop is next 
in importance. Hay, mostly clover and timothy, and pasture in 
rotation, together occupy approximately the same acreage as oats. 
The most common rotation is (1) corn, (2) corn, (3) oats and (4) 
clover, or clover and timothy. 

The average weight of the horses found on these farms is 1,355 
pounds. On nearly two-thirds of the farms the horses weigh from 
1,300 to 1,400 pounds, only a small percentage weighing less than 
1,100 or over 1,500. These horses are considerably heavier than those 
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‘usually found on eastern farms. Thus a team of a given number of 
horses will do more work per day here than in the East when pulling 
implements of heavy draft, particularly plows and disk harrows, but 
probably the difference in weight has no effect on the amount of 
work done per day with lighter implements such as corn planters 
and cultivators. As far as could be determined from the reports 
received, the variation in the weight of the horses found on these 
Illinois epee was not great enough appreciably to affect the rate of 
doing work. 

The average time spent in the field, exclusive of the time required 
in going to and returning from the folds in the morning, at noon, 
and at night, as reported by these men is 10 hours and 10 minutes 
per day for spring work and corn cultivation; 9 hours and 55 min- 
utes for haying and grain harvest; 9 hours and 30 minutes for fall 
plowing and preparing ground; and 9 hours and. 20 minutes for corn 
harvest. 

On most of these farms the keeping of live stock is not an impor- 
tant enterprise, and thus it is: possible for the workmen to spend 
longer hours in the field than would be the case in a section where 
live stock, especially dairy cows, are kept in large numbers. 


PLOWING. 


Walking plows are used to such a limited extent in the locality 
studied that no attempt was made to obtain data concerning their 
operation. About 80 per cent of the farmers reported the use of 
sulky plows, about 80 per cent stated that they use horse-drawn gang 
plows, and 14 per cent reported the use of tractors for plowing. 

The depth of plowing in the spring averages about 5.3 inches. 
Most of the men reported plowing from 5 to 6 inches deep in the 
spring, less than 5 per cent of them indicating a depth as great as 7 
inches, and not over 15 per cent reporting less than 5 inches. The 
variations in depth are apparently not sufficient to affect the amount 
of work done per day. 

The plowing was usually about 1 inch deeper in the fall than in 
the spring, more than 80 per cent of the men reporting depths of 
from 6 to 7 inches, and some reporting 8 inches. The average is 6.5 
inches. : 

SULKY PLOW. 
SPRING PLOWING. 


The acres covered per day by 14- and 16-inch sulky plows in spring 
plowing are given in Table II. It will be seen from this table that 
a large majority of the farmers use 16-inch sulky plows, that nearly 
all of them are operated with three horses in the spring, and that 3 
acres is an average day’s work for this outfit, 
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TABLE II.—Spring plowing with sulky plow. 


Acres per day 
Width of | Number Number 


plow. of horses. | of reports. ores 
fe age most often 
Average. reported. 
Inches 
1 3 37 2.96 3 (21 reports). 
16 3 355 3.02 3 (221 reports). 
16 4 34 3.34 Scattering. 


u 


This table also shows that for the comparatively few farmers 
using 14-inch sulky plows with three horses in spring plowing about 
3 acres is an average day’s work. While theoretically the 16-inch 
plow should cover about 15 per cent more ground in the same length 
of time, this apparently has not been found true in practice. How- 
ever, the fact that such a large percentage of the farmers use 16- 
inch plows shows that they are more satisfactory for this locality. 
The reports of the small number of farmers who use four horses 
on their sulky plows show that the fourth horse increases the ef- 
ficiency of the outfit by a little over 10 per cent. 


FALL PLOWING. 


The performance of 3- and 4-horse teams with 14-inch sulky plows 
and 3-, 4-, and 5-horse teams with 16-inch plows is given in Table ITI. 
The greater frequency of the 4-horse teams and even the use of 
some 5-horse teams is accounted for by the fact that plowing in 
the fall is usually about 1 inch deeper than in the spring, and also 
by the fact that the ground is generally dry and hard to turn. 


TABLE III.—F all plowing with sulky plow. 


Acres per day. 
Width of | Number Number 
plow. of horses. | of reports. Noreacennoshotten 
Average. reported. 
Inches 
14 3 16 2.48 24% (8 reports). 
14 4 20 2.75 3 (9 reports). 
16 3 198 2.58 24 (95 reports). 
16 + 148 2. 89 3 (76 reports). 
16 5 16 3. 20 Scattering. 


On an average, outfits of the same size cover about a half acre 
less per day in the fall than in the spring, due not only to the more 
difficult conditions mentioned above, but also to the fact that the 
time spent in the field is about two-thirds of an hour less per day 
in the fall. As is the case in spring plowing, the 14-inch plow seems 
to cover practically as much ground per day as the 16-inch size, pro- 
vided both are drawn by the same number of horses. The addition 
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of the fourth horse increases the efficiency of the unit by about the 
same percentage as in the spring plowing, and the addition of the 
fifth horse to the 16-inch plow results in a similar increase. The 
fact that nearly one-half of the farmers reported the use of more 
than three horses indicates that in fall plowing, excepting under 
favorable conditions, a sulky plow is somewhat of an overload for 
three horses. 
GANG PLOW. 

Over 450 men reported using horse-drawn gang plows on their 
farms. About 80 per cent of these plows have 14-inch bottoms. Most 
of the remaining plows have 12-inch bottoms. Some plows with 
13-inch bottoms were reported, but the number was so small that 
no figures on their performance are given. Over three-fourths of 
the men who use gang plows also reported the use of sulky plows. 


SPRING PLOWING. 


An average day’s work for four and five horses pulling 12-inch 
gang plows cutting a total width of 24 inches, and four, five, and 
six horses, drawing 14-inch plows cutting a total width of 28 inches, 
is given in Table IV. About an equal number use 4 and 5 horse 
teams on this implement. (See fig. 1.) The most common per- 
formance reported fer both the 4 and 5 horse teams is 5 acres 
per day, although on an average the 5-horse teams drawing 28-inch 
plows cover about one-quarter of an acre more per day than do the | 
4-horse teams and plow to a slightly greater depth. 


TaBLe LV.—Spring plowing with gang plow. 


Acres per day. 


Width of | Number | Number 
plow. of horses. | of reports. 


Acreage most often 
Average. reported. 
Inches. 
24 4 24 5.02 5 (16 reports). 
24 5 15 4.72 5 (8 reports). 
28 4 148 4.92 5 (87 reports). 
28 5 154 5.15 5 a reports). 
5 (30 reports). 
28 6 68 5.40 { es ee 


The apparent inconsistency in the acres covered per day by the 4 
and 5 horse teams with the 24-inch plows is probably due to the small 
number of reports entering into the average. Practically half of the 
men reporting on the 24-inch plows gave 5 acres as an average day’s 
work, regardless of whether they used four or five horses. 


FALL PLOWING. 

Table V shows an average day’s work in the fall for 5-horse teams . 
with 24-inch plows, and 4, 5, and 6 horse teams with 28-inch plows. 
As compared with spring plowing, there is a marked increase in the 
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use of 5 and 6 horse teams, this being due to the same conditions that 
cause the use of larger teams on the sulky plows in the fall. 


TABLE V.—/'all plowing with gang plow. 


Acres per day. 
Width of | Number Number |- SS 
piow. of horses. | of reports. Waren , 
ae 2 age most often 
Average. reported. 
Inches. 
24 5 20 4.40 4 (10 reports). 
28 4 60 4.10 4 Ce reports). 
if 4 (45 reports). 
28 5 118 4.56 { Bsbreporey. 
28 6 153 4.71 5 (73 report 


There is a decided decrease in the ground covered per day in 
the fall, the 28-inch plows and four horses accomplishing 17 per 


Fic. 1.—The 2-bottom gang plow, with 5 horses, covers a little over 5 acres per day in 
spring and 4.71 acres in the fall. This is a popular outfit. 


cent less than in the spring, the 5-horse outfits 11 per cent less, and 
six horses 13 per cent less. In fact, six horses cover on an average 
only as much ground per hour with these plows in the fall as do 
four horses in the spring. 


COMPARISON OF SULKY AND GANG PLOWS. 


A comparison of an average day’s work for 16-inch sulky plows 
and 28-inch gang plows shows that so far as horse labor is concerned 
the gang plow drawn by four horses is the most efficient unit in both 
spring and fall. In the spring this outfit covers 14 acres per day 
per horse, while both the sulky plow drawn by three horses and the 
gang plow drawn by five horses cover 1 acre per day per horse. The 
gang plow drawn by six horses covers but nine-tenths of an acre per 
horse. 

In the fall four horses with the gang plow cover 1.02 acres per 
horse, while three horses on the sulky plow and five horses on the 
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gang plow cover .86 acre and .91 acre per horse, respectively. Four 
horses on the sulky plow and six horses on the gang plow cover .72 
and .78 acre per horse, respectively. However, the gang plow is 
evidently a heavy load for four horses in the fall, excepting under 
favorable conditions. The 28-inch gang is a somewhat heavier load 
for six horses, the most popular sized team used in the fall, than is 
the 16-inch sulky for four horses, but is a lighter load than the 16- 
inch sulky for three horses. 

As far as man labor is concerned, the gang plow drawn by six 
horses is, of course, the most efficient unit both in the spring and 
fall, but when horse labor as well as man labor is considered, it is 
seen that the advantage of this largest unit is somewhat lessened. 


TRACTOR PLOWING. 


Table VI shows the daily performance for both spring and fall 
of 2 and 3 bottom 14-inch plows pulled by tractors, as given by the 
farmers using power outfits. 


Taste VI.—Tractor plowing. 


Spring. Fall. 


Width 


of furrow. | Number of| Acres | Number of| Acres 
| reports. per day. reports. per day. 


28 19 7.00 21 6.38 
42 42 8.67 46 8. 06 


A comparison of the work done by tractor-drawn plows cutting 
28-inch furrows with that of plows of the same size drawn by horses, 
shows that in the spring the tractor does about 30 per cent more work 
per day than six horses, and in the fall about 35 per cent more, and 
that it does about 40 per cent more than four horses in the spring, 
and 55 per cent more than four horses in the fall. The tractors 
plowed to approximately the same depth, and worked approximately 
the same number of hours per day as did the horses. 

The acres covered per day per plow are from 15 to 20 per cent less. 
for the 3-plow outfits than for the 2-plow machines. As compared 
with the horse-drawn sulky plow, the 3-bottom tractor plow does on 
the average from two and: three-fourths to three times as much as a 
16-inch sulky drawn by three horses in the spring, or the same im- 
plement drawn by four horses in the fall. (See fig. 2.) 

The reports of over 600 tractor owners throughout the State of 
Iilinois as summarized in Farmers’ Bulletin 963, “'Tractor Exper- 
ience in Illinois,” showed an average of 64 acres per day of 10 net 
working hours for 2-plow tractors and 8? acres for 3-plow machines. 
(Compare with Table VI.) 
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THE DISK HARROW. 


The disk harrow is used on nearly every Corn-Belt Farm. Eighty- 
five per cent of the men from whom these reports were received own 
them. They are used for working up fall plowing in the spring and 
for preparing corn stubble for oats, as well as on freshly plowed 
ground. Practically all of these implements are single disks, and the 
8-foot width is the most common, although the 7, 9, and 10 foot sizes 
are found on some farms. All of the men reporting 7- and 8-foot 
disks stated that they use four horses on them. Four horses were re- 


Irig. 2.—The 3-bottom tractor covers 8.67 acres per day in spring and 8.06 in the fall. 


ported most often for the 9-foot size, although some farmers use 
five or six horses. Four, five, and six horse teams were reported for 
the 10-foot disk, the 6-horse team being the most common. 


Taste VII.—Disk harrow on well-packed land. 


Acres per day. 
A Number of | Number of 
Wi nena horses. reports. Acreacennost 
Average. often reported. 
Feet. : 
7 4 52 15.4 15 ne reports). 
18 (46 reports). 
8 4 350 1v.4 {35 (91 reports). 
9 4 15 18.9 Scattering. 
10 6 17 23.5 Do. 
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An average day’s work in going once over well-packed land (with- 
cut any lap) for 7, 8, and 9 foot disks, drawn by 4 horses, and 10- 
foot disks drawn by 6 horses, is given in Table VII. The average 
performance of the same units in going once over freshly plowed 
land (without any lap) is given in Table VIII. 


TABLE VIII.—Disk harrow on freshly-plowed land. 


Acres per day. 
= Number of | Number of 
Width. horses. reports. n iAcehpe ciate 
MASSE hfe _often reported. 
Feet 
7 4 60 14.3 15 (26 reports). 
8 4 368 1555 15 (111 reports). 
9 4 15 16.9 Sees _ 
20 (7 reports 
10 S = aT {55 (7 reports). 


Many farmers report that there is practically no différence be- 
tween the rate of doing work on well-packed land and freshly- 
plowed land, as the disks must ordinarily be set at a somewhat 
greater angle in disking corn stubble or fall plowing, thus making 
the draft of the implement greater and overcoming the advantage 
of firmer footing for the horses. On an average, however, a day’s 
work on well- “packed | land is from 1 to 2 acres greater than on 
freshly plowed land. 

The 9-foot disk, drawn by 4 horses seems to be the most efficient 
unit so far as ones labor is concerned, this unit covering about 4.7 
acres per horse per day on well-packed land, and 4.2 acres on freshly- 
plowed land. However, the fact that so many men are using 8-foot 
disks indicates that the 9-foot size is pe a slight overload for 
4 horses. : 

A 10-foot disk makes the same load per tae for 5 horses as the 
8-foot implement does for 4 horses, but most of these farmers who 
use 10-foot disks hitch 6 horses to them. While such an outfit per- 
mits one man to cover more ground per. day than does any of the 
other units shown in the tables, the efficiency of the horse labor 
is less than when 4 horses are used with the 8-foot disk. 


THE SPIKE-TOOTH HARROW. 


Spike-tooth harrows ranging from 12 to over 25 feet in width 
were reported, and 95 per cent of the farmers stated that they 
hitch 4 horses to this implement. Fewer than 20 farmers using 
3-section harrows, each section being from 4 to 5 feet wide, reported 
the use of 3 horses, and about the same number reported 5 and 6 
horses for harrows 16 feet or more in width. (See Table IX.) 
Eighty per cent of these men use 4-section harrows, and about 50 


STANDARD DAY’S WORK IN CENTRAL ILLINOIS. i 


per cent of these 4-section harrows have sections 5 feet wide, mak- 
ing a total width of 20 feet. 


TABLE IX.—Spike-tooth harrow (4 horses, once over, no lap). 


Acres per day. 
Number oi} Width of | Number of — 
sections. sections. reports. Acreage most often 

Average. reported. 

Feet. 
30 (18 reports). 

3 5 61. 33.0 {i oa reports). 
3 6 23 36. 5 40 (12 reports). 
4 4 96 39.3 40 (53 reports). 
4 4} 63 37.2 40 (34 reports). 
4 5 166 40. 6 40 (93 reports). 

4 5k 13 ee GuleN) 40 (5 reports). 


The acreage covered per day increases with the increase in width 
of the harrow, but not directly in proportion to it. While the larger 
harrows are most efficient from the standpoint of both man and 
horse labor, the 20 and 22 foot harrows cover on the average only 
2 and 1.9 acres per day per foot of width, respectively, while the 
15 and 16 foot harrows cover 2.2 and 2.4 acres per day per foot of 
width. 

Out of 422 reports summarized in this table, 217 gave 40 acres as 
an average day’s work. However, very few men using the smaller 
sizes reported over 40 acres, while 15 per cent of those using the 20 
and 22 foot sizes said that on an average they covered 50 acres per 
day. 

PLANTING CORN. 


Except where the fields are small and irregular in shape, nearly 
all the corn in this region is checked, so that it can be cultivated in 
both directions. The 2-row planter with check-rower attachment is 
used universally for this work, about one-half of the farmers making 
the rows 40 inches apart and the remainder 42 inches. (See Table 
X.) Theoretically the amount of ground covered per day when the 
rows are 42 inches apart should be about 5 per cent greater than 
when the rows are 40 inches apart, but the figures show that on the 
average there was practically no difference on these farms, 


Taare X.—-Planting corn with check rower. 


Acres per day. 


Width of | Number of |— 
TOW. reports. : ered 
ge most. often 
Average. reported. 
Inches. 
40 259 18.0 20 (105 reports). 
42 267 17.8 20 (90 reports). 
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The average performance of the 2-row planter in drilling corn, 
as reported by 136 farmers, is given in Table XJ. Most of these men 
reported that they also used a check rower. As with the check rower 
there seems to be practically no difference between a day’s work in 
drilling in rows 40 and 42 inches apart. However, on the average 
about 2 acres less per day are covered when checking than when 
drilling, this reduction in acreage being due probably to the time 
necessary to move and set the check-wire stakes, and the attention 
that must be given to the check-rower attachment. 

Both in using a check rower and in drilling corn more men 
reported 20 acres per day than any other amount. However, the 
men using a check rower frequently reported from 15 to 18 acres as 


Fig. 3.—The 1-row riding cultivator, the most common type, covers 7.8 acres per day. 


a day’s work, and less than 3 per cent gave over 20 acres, while 25 
per cent of the reports on drilling gave more than 20 acres. 


TABLE XI.—Drilling corn with 2-row planter. - 


Acres per day. | 
Width of | Number of 
row. reports. | eres 
ge most often 
Average. reported. 
Inches. 2 
40 68 19.6 20 (30 reports). 
42 68 20.0 20 (21 reports). 


CULTIVATING CORN. 


Practically every farmer in the area uses the 1-row, 2-horse riding 
cultivator. (See fig. 3.) About 40 per cent of the men stated that 
they also use 2-row cultivators (fig. 4), though only two men reported 
the use of the 2-row machine exclusively. (See Table XII.) 
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TABLE XII.—Cultivating corn with 1-row, 2-horse riding cultivator. 


Acres per day. 
MRAOflNUnber of —<—<—<—$<— = —— 
row. reports, ores ; ; 
ge most often 
Average. reported. 
Inches. : 
; 7 (48 reports). 
ie ri i : ae reports). 
7 reports). 
ee He “le 8 (112 reports). 


It is usually not possible to make as good progress in the first: cul- 
tivation as it is when the corn is larger, and sometimes difficulty is 


Fic. 4.—The 2-row cultivator covers on an average 13.5 acres per day, one and three- 
fourths times as much as the 3-row cultivator. 

experienced in going crosswise in checked rows. However, no at- 

tempt was ioe to abtain figures applicable to these diferent condi- 

tions, the farmers simply being asked to give their estimates of an 

average day’s work in cultivating corn. 


Taste XIII.— Cultivating corn with tiwo-row cultivator. 


Acres per day. 
Width of | Number of | Number of 
rom. horses. reports. Agee) TAR tina 
Average. reported. 
Inches 

2 14 (11 reports). 
40 3 90 14.0 {15 ios: 
40 4 20 S) 432 Pyaiae ). 

14 (14 reports 

ee 3 81 13.5 {is (19 reports). 
42 4 11 15.1 Scattering. 
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Tt will be seen (Table XIII) that a majority of the farmers using 
the 2-row cultivator hitch three horses to it. It is of comparatively 
light draft, and the addition of a fourth horse appareny increases 
but little the ground covered per day. 

While the 2-row machine theoretically should cover twice as much 
ground per day as the 1-row, in practice it covers on the average only 
about one and three-quarters times as much. This comparatively 
lower rate of work is probably due to the greater difficulty expe- 
rienced by the operator in handling the larger machine and the 
larger team. 


Fic. 5..——One man cuts and shocks by hand about 1.25 acres of corn per day. 


About 65 per cent of the reports showed either 7 or 8 acres as an 
average day’s work with the 1-row cultivator. About 55 per cent 
gave from 14 to 16 acres as a day’s work for the 2-row implement, 
but only 6 per cent of them gave more than 16 acres. 


CUTTING CORN. 


The amount of live stock kept on these farms is small as compared 
to the amount of corn raised, and only a small part of the corn is cut 
either for fodder or ensilage, the remainder being husked from the 
standing stalks. Thus the work of cutting corn is not so well stand- 
ardized as are some of the more important farm operations, and most 
of it is done by hand. Only about one-third of the farmers reported 
the use of corn binders. 


CUTTING AND SHOCKING BY HAND. 


Each of the farmers was asked to give his estimate of the amount 
of corn one man should cut and shock by hand in a day under vary- 
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ing conditions. Table XIV gives a summary of these estimates. 
Nearly all corn cut for fodder is put into shocks, either 12, 14, or 16 
hills square, over two-thirds of the reports stating that it was the 
common practice to make shocks containing 196 hills (14 by 14). 
The most common performance reported when making shocks of this 
size was 20 shocks per day, but nearly as many men reported 25 and 
30 shocks, practically three-fourths of the reports giving one or 
another of these three figures. (See fig. 5.) 


Fig. 6.—Where conditions are favorable, the corn binder increases the efficiency of 
man labor 50 per cent. 


TABLE XIV.—Cutting and shocking corn by hand (one man). 


Acres 
beets Size of shocks. GoNeree 
} per day 

292 144° 196,,and 256i hillsmeo 22 eae 1.28 


Yields of from 40 to 65 bushels were reported, but the variations 
in yield apparently were not great enough to affect the ground covered 
per day. 

THE CORN BINDER. 


An average day’s work for corn binders drawn by two, three, and 
four horses is given in Table XV. (See fig. 6.) A majority of the 


binders. were drawn by three horses, this unit doing on an average - 


about 10 per cent more per day than the 2-horse unit. More than 
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half as many men reported the use of four horses as of three, but on 
the average the fourth horse increased the ground covered per day 
by less than one-tenth of an acre. Evidently the use of the fourth 
horse on this machine is not justified, excepting under unfavorable 
conditions. 

TasLe XV.—Cutting corn with binder. 


Acres per day. 


lumber lumber 


of horses. | of reports. Acreage most often 


Average. reported. 


2 20 7.09 
3 112 7. 66 


{ 
4 59 77h { 


Seattering. 

7 (25 reports). 
8 (29 reports). 
7 (4 reports}. 
8 (22 reports). 


SHOCKING CORN AFTER CORN BINDER. 


The average performance of ‘2, 3, and 4 man crews in shocking 
corn after the corn binder is shown in Table XVI. The most common 
crew used in this work, two men, covers about three-fourths of an 
acre more per day per man than do the 3-man crews, and 1.2 acres more 
per man than do the 4-man crews. However, on the average, the 2-man 
crews lack about one acre per day of setting up as much corn as a 
corn binder drawn by three or four horses cuts. The 3-man crew 
shocks on the average just as fast as the corn binder cuts the corn, 
while the 4-man crew can shock three- fourths of an acre more per 
day than is cut by the binder. 


Taste XVI.—Shocking corn after corn binder. 


Acres per Cay 
lumber ITumber 
Gu giisia ol reports: Average Average Acreage per crew 
per crew; } per man. | most oiten reported. 
5 (25 reports). 
2 95 6. 65 3. 23 6 (24 reports). 
8 (21 reports). 
: 7 (14 reports) 
3 57 See eat 2258 8 (17 Repons). 
19 (14 reports). 
4 15 8. 53 Deals 10 (7 reports). 


One man with a corn binder drawn by three horses, and three men 
to shock the corn after the binder, cut and shock, on an average, 7.7 
acres per day, or about 1.9 acres per man, while one man by hand cuts 
and shocks on an average 1.28 acres per day. Thus the corn binder 
and three horses increases the efficiency of man labor for this opera- 
tion by nearly 50 per cent. If a two-man crew is used for shocking 
‘after the binder, and they cover 7 acres per day, the efficiency of each 


STANDARD DAY’S WORK IN CENTRAL ILLINOIS. inf 


man is about 80 per cent greater than if they were cutting and shock- 
ing by hand. That more corn binders are not in use in this section is 
due to the fact that these machines are expensive, and the compara- 
tively small amount of work for them to do, often less than a day 
per year, in a great many cases increases the cost per acre cut enough 
to ofiset this gain in efficiency of man labor. 


HUSKING CORN. 


Most of the corn grown in this section is husked from the standing 
stalk by extra help, which is paid at a fixed price per bushel. (See 
fie. 7.) The most common practice is to provide each workman with 


Fie. 7.—Most of the corn grown in McClean County is husked from the standing stalk. 


a wagon and team. Each man husks two loads of varying size per 
day, one in the morning and one in the afternoon, and hauls them to 
the crib and unloads them. 


TABLE XVII.—Husking corn from standing stalks (1 man and team). 


Yield per acre. A day’s work. 
Number 
< of reports. 
Group limits. - Average. Average. Bs ee Tee 
Bushels. Bushels. | Acres. 
40 to 45 bushels, inclusive......-.--...-- 42. 6 We 78.2 1.84 | 80 (47 reports). 
46 to 55 bushels, inclusive. ........--..-- 50. 2 370 81.8 1.63 | 80 (150 reports). 
56 to 65 bushels, iaclusive........-..---- 60. 2 38 87.1 1.45 | Seattering. 
Average of total, allreports-....--.- 49, 2 529 81.3 1.67 
| 2 
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Table XVII gives the daily duty of one man when husking from 
the standing stalk, with corn of different yields. The average of 
529 reports on this operation shows 81.3 bushels, or 1.67 acres, as a 
day’s work. The number of bushels husked per day increases with 
the yield, but not in proportion to it. One man husks on an average 
9 bushels more per day in corn yielding 60 bushels per acre than in 
corn yielding under 45 bushels, but covers four-tenths of an acre less 
ground. The individual estimates range from 50 to 100 bushels, 
but over 200 of the 529 men reporting gave 80 bushels as an average 
day’s work. 


Wig. 8—The mechanical picker increases the efficiency of man labor about 35 per cent, 
as compared with hand husking. but decreases slightly the efficiency of horse labor. 


In this locality a bushel of ear corn is understood to consist of 
enough ears to make a bushel of shelled corn, the volume of a bushel 
of ear corn being approximately twice that of a bushel of shelled 
corn. 

About one-tenth of the men reported the use of mechanical pickers 
for husking corn from the standing stalk. (See fig. 8.) Five or 
six horses are used to draw the machine, and from one to four men 
and teams were employed in hauling the corn from the field to the 
crib. The number of men and teams used for hauling the corn de- 
pends to a large extent upon the distance from the field to the crib 
and whether or not a portable elevator is used for unloading. Their 
crews are usually so arranged that the amount of corn husked and 
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hauled depends almost entirely upon the ground covered by the 
picker. 

Table XVIII shows an average day’s work for 40 of these ma- 
chines drawn by 5 horses, and for 20 machines drawn by 6 horses. 
The addition of the sixth horse apparently results in an increase of 
only about three-tenths of an acre per day. 


Taste XVIII.—Husking corn from the standing stalks with a mechanical 
picker. 


Number | Number of} Amount husked per 
of horses. | reports. day. 


Bushels. Acres. 
5 40 336 - 6.8 
6 20 351 7.1 


Twenty-six of the 40 men who report the use of five horses on the 
picker used two men and teams for hauling to the crib, making a 
total crew of three men and nine horses. Their average performance 
was 333 bushels per day, or 111 bushels per day per man employed, 
and 37 bushels per horse. As compared with husking by hand as 
given in Table XVII, the mechanical picker, if used with a crew of 
this size, increases the efficiency of each man about 35 per cent but de- 
creases the efficiency of the horse labor by about 10 per cent. The 
work for the men with the mechanical picker is not nearly so heavy 
and does not require so much skill as does husking by hand, while 
the work of the horses is a great deal heavier. 


; SEEDING GRAIN. 


Regardless of the fact that numerous experiments have shown that 
oats which are drilled give better yields under most Corn Belt condi- 
tions than do those which are sown broadcast, a large majority of 
the farmers still broadcast their oats, using end-gate seeders at- 
tached to the box of an ordinary wagon for this work. No small 
grain except oats is raised on most of the farms and only about 25 
per cent of the farmers reporting have considered it worth while to 


buy grain drills. 
END-GATE SEEDER. 


The width of cast of these seeders as reported by the users varies 
from under 20 to over 40 feet. The majority of the farmers, however, 
reported using seeders which seeded strips of from 28 to 37 feet on 
each trip across the field. (See Table XIX.) 


1See Bulletin No. 136, University of Illinois Experiment Station, ‘‘ Methods of Seeding 
Oats, Drilling, 'and Broadcasting.’”’ Also Farmers’ Bulletin 892, ‘‘ Spring Oat Production.” 
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TABLE XIX.—Hnd-gate seeder. 


Width of cast. Acres per day. 
: Number 
of 
Group limits. Average. | TPOFtS- | 4 verage. es poss citen 
Feet. 
18itol22 feet inelusivies\o-s42 eee sees S eee eee 20.2 27 39.1 | Scattering. 
23: tor2 (feet tn Clusive- seer nesee acer! eee 25.8 34 44.0 Do. 
40 (41 reports). 
28 Tosa teebanClusiviersscsceece eae ee eee 30.0 103 49.4 {0 (18 reports). 
60 (19 reports). 
40 (73 reports). 
33 to.s/- feet inelusivel.. oA eee) a eau ee ea 34.9 199 52.1 fr (32 reports). 
; 7 : 60 (55 reports). 
38 LOM 2iteetinelusivessesse-essense ma esee ee eras 39.0 iS 59.1 | Seattering. 


The acres covered per day increases with the width of cast but not 
in proportion to it, those sowing the narrowest strips covering almost 
2 acres per day per foot of width, while the largest ones cover only a 
little over 14 acres per day per foot of width. For the seeders in 
inost common use, those sowing strips from 30 to 35 feet wide, ap- 
proximately 50 acres is an average Gay’s work. However, there is a 
considerable variation in the area covered by seeders with the same 


width of cast. 
GRAIN DRILL. 


The drills reported vary in size from the small 5-tube machines 
drawn by one horse, used in drilling winter wheat between the rows 
of standing corn, to wide implements having 20 to 24 tubes. The dis- 
tance between tubes varies from 4 to 8 inches, but on nearly one-half 
of the machines they were 6 inches apart, and the € and 7 inch drills 
include three-fourths of the total number reported. Over 90 per 
cent of all the drills reported are disk drills. The average perform- 
ance of disk drills with 16 tubes 6 inches apart, drawn by four horses, 
is given in Table XX. There were not a sufficient number of reports 
on any other unit to give a reliable average. 


Taste NX.— Grain drill. 


| Distance Average 
Number Number of |] Number of 
between acres per 
of tubes. “SFIS horses. reports. day. 
Inches. 
16 6 4 24 14.9 


The figures show that one man and two horses, with an end-gate 
seeder seeding a strip 35 feet wide, cover nearly three and one-half 
times as much ground per day as do one man and four horses with a 
16-tube disk drill. However, the broadcasted grain must. be covered, 
and to complete the operation the ground must be gone over with 
either a spike-tooth or disk harrow in addition to the end-gate seeder. 
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To go over the ground with both an end-gate seeder casting 35 feet, 
and a 20-foot spike-tooth harrow drawn by four horses (see Table 
TX) requires about two-thirds as much man labor and half as much 
horse labor as is required for the 4-horse, 8-foot drill. To go over 
the ground with the seeder and with an 8-foot disk drawn by four 
horses (see Table VII) takes 15 to 20 per cent more man labor and 
just about the same amount of horse labor as is required for the drill. 
As far as quality of tillage, aside from the seeding, is concerned, the 
work done by a disk drill should be somewhat better than that done 
by a spike-tooth harrow, but not so good as that done by a disk 
harrow. 

HARVESTING GRAIN. 


THE GRAIN BINDER. 


Table X XI shows an average day’s work for binders of different 
sizes In grain that is standing well. Oats sometimes lodge badly, 
especially in wet seasons, and when this condition exists a great deal 
of time is lost by the binder, the ground covered often being re- 
_ duced by as much as 50 per cent. The actual time lost in particular 
cases, or the average condition of the oat crop in this respect at 
harvest time, is difficult to estimate, and the farmers were asked to 
give their experience only in grain that was standing well. 


TABLE XXI.—Grain binder. 


Acres per day. 
c Number of | Number of 
Width. horses. reports. \ : 
Average. Acreage most often 
reported. 
Feet. 
6 3 19 13.3 Scattering. 
7 3 17 14.0 Do. 
7 4 30 15.2 15 (16 reports). 
+| {15 (87 reports). 
8 4 471 17.9 8 (107 reports). 
20 (178 reports). 


The table shows that a large majority of the men use 8-foot binders 
drawn by four horses. The averages indicate that the 7-foot machine 
drawn by three horses is the most efficient unit with respect to horse 
labor, 4.7 acres per day per horse being covered with this outfit, as 
compared with 4.5 acres for the 8-foot binder drawn by four horses 
and 4.4 acres for the 6-foot machine with three horses. While the 
fact that two-thirds of the men who have 7-foot binders use 4-horse 
teams with them indicates that this machine is a heavy load for 
three horses, a 7-foot binder and four horses is the least efficient 
combination shown in the table, each horse accomplishing nearly 15 
per cent less than those on either the 6 or 8 foot machines, 
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SHOCKING OATS. 


The average performance of 2, 3, and 4 man crews in shocking 
oats is given in Table XXII. The reports show that two men con- 
stitute the customary crew for this work on nearly four-fifths of 
the farms, and that they do on an average 17.4 acres per day, or 
half an acre less per day than is covered by an 8-foot binder drawn 
by four horses. The efficiency of the labor decreases decidedly with 
the addition of extra men to the crew, three men working together 
covering 2 acres less per day per man than in a 2-man crew, and 
four men covering nearly 3 acres less per man. Part of this reduc- 
tion in efficiency is due to the fact that it is customary for the 


Fic. 9.—The portable elevator is generally used for unloading grain. 


shockers to follow around the field closely after the binder, and no 
matter how many men are used they can not shock any more grain 
in a given time than is cut by the binder after which they are 
working. 

TABLE XXII.—Shocking oats. 


Acres per day. 


Number Number 


(0) . | of re ; 
Bs ee f reports Average Average Average per crew 


per crew. | per man. | most oiten reported. 


- 15 (102 reports). 
2 400 17-4 8.7 oe Cas Aa 
3 101 20.0 6.7 20 (47 reports). 
4 16 23. 4 5.9 20 (7 reports). 
Pen | Sete see a 8.2 


The yield per acre of oats evidently has very little effect upon the 
amount of work done by the shockers, The average of 59 estimates 
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for 2-man crews in oats yielding 45 bushels per acre or less gave 17.4 
acres per day; 281 estimates of the same sized crew with a yield rang- 
ing from 46 to 55 bushels gave the same area, and 60 estimates with 
a yield over 55 bushels gave 17.2 acres per day. 


UNLOADING GRAIN. 


Portable elevators are in general use in this locality for unloading 
corn and oats into the crib and bin, and in order to make possible a 
comparison of the efficiency of this practice with that of unloading 
with a scoop shovel the farmers were asked to estimate the time 
required to unload ear corn and oats by the two methods. (See fig. 
9.) No attempt was made to differentiate between the elevators op- 
erated by gasoline engines and those where horses furnished the 
power. 


TABLE XXIII.—Unloading grain by hand and with portable elevator. 


Time required to 
? unload. 
Kind of grain. Numues Average |———_—_ 
reports, | Pertoad.| py With 

hand. | elevator. 

Bushels. | Afinutes. } Minutes. 

VP ONES 215 SS ps ER ces co 484 49.5 28.1 8 
(ENB Been Ee A OG AEA I SEI Pa CLS 6s UENO a ae eo 482 85.3 25.6 7.9 


Table XXIII shows that on the average the elevator saves about 
20 minutes in unloading a load of corn and 18 minutes in unload- 
ing a load of oats. This saving in time, and the release from 
the hard labor of scooping grain is worth considerable, especially 
to men who are husking corn by the bushel. The most frequent 
size of load of ear corn reported was 40 bushels. The most frequent 
size of load of oats was 100 bushels, but no load greater than 100 
bushels was reported. Ten minutes was given most often as the 
time necessary for unloading these loads with an elevator, while 
30 minutes was given most often as the time for unloading them 
with a scoop shovel. 

HAYING OPERATIONS. 


Hay is not as important on these farms as corn or oats, most of 
the farms having under 20 acres in this crop. This is reflected in 
the.machinery used for harvesting hay, most of the mowers and 
rakes being of the smaller sizes, and a comparatively small number 
of hay loaders being reported. Nearly all of the hay is either 
clover, timothy, or clover and timothy, very few men reporting 
alfalfa. A study of the reports showed that the kind of hay and 
variations in yield apparently have little effect on the efficiency of 
the machines and crews, and no attempt has been made to take 


24 BULLETIN 814, U. S. DEPARTMENT OF AGRICULTURE. 


these factors into account in the tables below. The average yield 
per cutting of all hay as given in these reports was 1.6 tons per acre. 


MOWING. 


Table XXIV gives the average acreage per day cut by 5 and 6 
foot mowers. Only about 1 fanaa 5 in 40 reported the use of a 7- 
foot mower, and not one stated he was using an 8-foot machine. 
It will be seen that there are more than three times as many 5-foot 
mowers in use as 6-foot machines. As compared with the 5-foot 
mower, the 6-foot implement increases the efficiency of man and 
horse labor by about 15 per cent, and the 7 and 8 foot sizes would 
result in correspondingly greater increases. However, when mowing 
hay is such a small task, many farmers saying they have never used 
a mowing machine a full day, they evidently consider the invest- 
ment in the larger and more expensive machines inadvisable. The 
smaller sizes are also more satisfactory for mowing weeds at the 
roadside and along fence rows. 


TABLE XXIV.—NMowing machine. 


Acres per day. 
Width of | Number 


swath. of reports. Rew 
‘ ‘age most often 
> Average. reported. 
Feet. 

5 322 10.4 10 (158 reports). 

10 (55 reports). 

6 101 11.9 15 (27 reports). 

TEDDING. 


About one-third of the farmers use hay tedders. Those reported 
range from 5 to 12 feet in width, and two horses are used on nearly 
all of them. An average day’s ore for the 8 and 10 foot widths 
is shown in Table X XV. There were not enough reports on any of 
the other sizes to give reliable averages. As both the 8- and 10-foot 
machines cover on an average a little over 2 acres per day per foot 
of width, the 10-foot tedder covers about 4 acres more per day than 
the 8-foot machine. 


TABLE XX V.—Tedder (2 horses). 


Acres per day. 


Width. Number 
of reports. | Average. | Acreage most ofcen 


reported. 
_ Feet . 
15 (20 reports). 
5 7 17.0 |\20 (26 reports). 


20 (27 reports). 
10 58 20.8 25 (13 reports). 


STANDARD DAY’S WORK IN CENTRAL ILLINOIS. — ae 
RAKING. 


The sulky rake is in much more common use than is the side- 
delivery rake, over 200 men reporting the use of sulky rakes, while 
less than 40 reported side-delivery machines. Nearly everyone uses 
two horses on these implements. (See Table X XVI.) 


TABLE XXVI.—J/lay rakes (2 horses). 


Sulky. Side-delivery. 

Width. ae ae Sip 

Number |} Average | Number | Average 

* of acres per of acres per 

reports. day. reports. day. 

PD TEE oe as ES De NO es oy oT oy a IS 141 20.8 22 20. 4 
COLE eee eet SSS See heh cate dacs emis oe Sleehee se 22 Q2.0 \eese eines enact 
Wiehe ee oo Ree eS 58 234i) eee eee miettti 2 


Most of the rakes are 10 feet in width, this size being best for 
use with the 5-foot mowers. About 20 acres is an average day’s 
work for both the sulky and side-delivery rakes of this width, and 
just half of the men using rakes of this size estimated an average 
day’s work on their farms to be 20 acres. ‘Twenty acres is also re- 
ported most often for the 11 and 12 foct rakes, but on an average 
the 12-foot rakes are shown to cover about 24 acres per day more 
than the 10-foot ones. 

LOADING HAY. 


Most of the hay is taken directly from the field to the mow. Very 
few sweep rakes or stackers are in use, and no attempt was made 
to secure data on them. The farmers were questioned only in regard 
to their experience in loading hay by hand and with the hay loader. 
Less than half the farmers reported the use of hay loaders. (See 
figs. 10 and 11.) 


LOADING BY HAND. 


The most common crew for loading by hand consists of two men - 
to pitch and one man on the load. The only other crew reported by 
more than a small percentage of farmers consisted of but two men, 
one to pitch and one on the load. (See Table XXVII.) The aver- 
age size of load is the same in both cases, 1.2 tons. The addition of 
the second man to pitch reduces the time required to put on a load 
by about 25 per cent. While the figures indicate that the two-man 
crew is slightly more efficient than are three men, the fact that a 
large majority of the crews consist of three men-tends to show that 
- this has been found to be a better arrangement when the entire 
haying operation is considered. 


26 BULLETIN 814, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE XX VII.—Loading hay by hand (one man on load). 


Minutes per load. 
Muro prot Number of = 
pitch. reports. | Average. Time most often 
reported. 
1 48 42.2 Scattering. 
2) 348 31.4 30 (150 reports). 


HAY LOADER. 


Table XXVIII gives the time required for two men besides the 
driver of the team to put on a load with the cylinder hay loader 


Fig. 10.—In loading hay by hand the 3-man crew is most often used. 


from the swath and from the windrow, and with the rake loader 
from the swath. More than twice as many men reported using rake 
loaders than those using cylinder loaders. Some reported the use of 
only one man on the load, but there were not enough of these to 
justify comparison between this practice and the using of two men. 
The table shows that, as far as time is concerned, there is very little 
difference between the efficiency of these two loaders. The average 
size of load put on with the loaders is 1.8 tons, nearly the same as 
that put on when the work is done by hand. 

As compared with loading by hand, three men with a loader— 
two besides the driver of the team—put on a load in about 25 per 
cent less time than do three men by hand. There is the added ad- . 
vantage that the services of some one who can not do a full man’s 
work with the pitchfork can be utilized for driving the team. If 
‘the hay is loaded directly from the swath the operations of raking 
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and bunching are of course entirely done away with when the loader 
is used. 


TABLE XXVIII.—Loading hay with cylinder and rake loaders (two men, besides 
driver of team). 


Minutes per load. 
ms . Number | Number 
Kind of loader. Loading from— of men. |of reports. i a 
Average. ime most often 
reported. 
Gilindertere eee oskt ee Siwatitve-asetes 2 2 17 21.9 | Scattering. 
Diemer a Mes ste ciisialajaie'c Windrow--22-.-- 2 27 22.0 fs eae 
: 20 (27 reports). 
ARO era eu ccccn eect acd Swath. -.225s-2-2- 2 80 23.2 /130 (26 reports). 
PVE UAC Carell NG MODES sata lelciata aint ayeiae sc leslie) /s == ceil de ele Secs 22.8 


Fic. 11.—The hay loader reduces by about 25 per cent the time required to put on a 
load of hay. 


Most of the hay racks in use here are 7 feet wide and 14 feet long. 
However, a considerable number 8 feet wide and 14 feet long, and 
some 7 by 16 and 8 by 16 feet were reported. The variations in the 
size of rack were evidently not great enough to affect the size of 


load. 


UNLOADING HAY. 


The farmers were asked to give their experience in putting hay 
into the mow both by hand and with a hayfork. (See Tables XXIX 
and XXX.) 


UNLOADING BY HAND. 


In unloading by hand the most common practice is to have one 
man on the wagon and two in the mow, and on an average it takes 
41 minutes for this crew to unload a load of 1.2 tons. The table 
shows that it takes but very little longer for the 2-man crew, one 
man on the wagon and one in the mow, to put away a load. How- 
ever, a crew of thig size is ordinarily used only in small barns, or 
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when very little moving of the hay in the mow is to be done. Under 
such conditions one man in the mow can take care of the hay as 
fast as the man on the wagon can pitch it off, and a second man in 
the mow can not lessen materially the time required for the work. 
The 4-man crew, two men on the wagon and two in the mow, seems 
to be less efficient than either the 2 or the 3 man crew. With this 
crew it requires a total of about two and one-quarter hours of man 
labor to unload a load as compared with two hours with the 3-man 
crew and less than one and one-half hours with the 2-man crew. 


TABLE XXIX.—Unloading hay into mow by hand. 


Minutes per load. 
Number of | Number of 


men on men in Bere of 

wagon. mow. ig) 7 Nearace Time most often 

ge. reported. 

. 30 (16 reports). 

1 1 67 43-4 180 (18 Tenney 

: 30 (6S reports). 

1 2 216- 41.0 fi (46 reports). 

: 60 (35 reports). 


2 2 92 33-2 30 (33 reports). 


UNLOADING WITH HAYFORK. 


The crew for unloading with a hayfork always consists of one 
man on the load,.a man or boy to drive the horse or team on the . 
hayfork rope, and enough men in the mow. to take care of the 
hay as fast as it can be gotten to them. As was the case in unloading 
by hand, the smallest crew seems to be the most efficient. The 3-man 
crew, one man in the mow, one on the load, and one to drive the 
hayfork team, uses 20 per cent less man labor per load than does the 
4-man crew, and 35 per cent less than the 5-man crew. However, 
the fact that such a large majority report the use of two men in the 
mow indicates that unless there is but little work to be done in 
the mow two men are necessary to keep up with the hayfork. 


TABLE XXN.—Unloading hay into mow with hayfork (one man on load and 
one driving hayfork team). 


| Minutes per load. 
Number of) number of 
mene reports. | : 
mow. 4 Assen Time most often re- 
| Ee. ported. 
| 
1 64 | 20.2 Scattering. 
15 (112 reports). 
364 18.2 20 (105 reports). 
3 23 | 16.4 15 (9 reports). 
! 


The total hours of man labor required for unloading with 3 and 
4 man crews is only a little more than half as great when a hayfork 
is used as when the work is done by hand. Besides the direct saving 
of time a boy can drive the horses attached to the hayfork rope, and 
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the work of the other men, especially the 6ne on the wagon, is not 
as hard as when unloading by hand. The horses used on the hay- 
fork rope are usually the same as those used for drawing the hay 
from the field, and would be standing idle if the hay was unloaded 
by hand. 

HAULING AND SPREADING MANURE. 


In gathering data on the use of manure spreaders each farmer 
was asked to give the size of load ordinarily hauled (in bushels), 
the number of horses generally used, the most common distance 
hauled, and time required for one man to load, haul to the field, 
spread and return. The same information was obtained for haul- 
ing in a wagon box and spreading by hand. (See Table XX XI.) 

The most common distance from the barn to the field reported 
was 80 rods, with an average of 75 rods-for the spreader and 74 rods 
for the wagon. Sixty bushels was reported most often as a load for 
the spreader, but 50, 70, 75, and 80 bushels were each given ag an 
ordinary load in more than 10 per cent of the reports. Thirty 
bushels was given most frequently as a load for the wagon, but 40, 
50, and 60 bushels were each given as an ordinary load in from 10 
to 20 per cent of the reports. 

About 60 per cent of the farmers use three horses with the 
spreader, about 30 per cent use 4-horse teams and the remainder 
2-horse teams. The size of the load and distance hauled, however, 
apparently have very little to do with the number of horses used. 
Two horses are nearly always used when hauling in a wagon. 


TABLE XXXI.—AHauling and spreading manure (time required to load, haul to 
field, spread, and return). 


{ 


Number | Number | Distance| Size of 


Timeper - 
ofreports.| ofhorses.| hauled. load. | load. 
| 
Rods. | Bushels. | Minutes. 
Woon etenee ena StS 26 al atececeacac 312 2 7 44 68.4 
(Sy air Gin eee See ee 382 2,3,4 75 65 | 45.6 


From Table XX XI it is evident that a given amount of manure 
can be handled in less than one-half the time with the spreaders in 
common use than with the wagons, the manure being handled at the 
rate of 1.4 bushels per minute with the spreader, and of less than 
seven-tenths of a bushel per minute with the wagon. The increase in 
efficiency is due not only to the saving in time when spreading the 
manure, but also to the fact that considerably larger loads are hauled 
in the spreaders and comparatively less time is spent in going to 
and from the field. Besides this saving in time the manure will 
usually-be spread more evenly over the field, and the hard work of 
spreading with a fork is entirely eliminated. 
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COMPARISON OF ILLINOIS AND NEW YORK PRACTICES. 


A comparison of the sizes of implements and teams in most com- 
mon use in Illinois with those in most common use in western New 
York shows not only that larger teams and implements are in general 
use in Illinois, but that even where the implements and teams are of 
the same size one man in Illinois accomplishes more per day in nearly 
every operation than does one workman in New York. 

Data regarding their rate of doing farm work were obtained from 
farmers of seven counties in western New York in 1915, and published 
in United States Department of Agriculture Bulletin 412, “The Nor- 
mal Day’s Work of Farm Implements, Workmen, and Crews in 
Western New York.” With regard to the section where the data were 
obtained the bulletin Says: 

The farm land is somewhat rolling, but not to an extent to reduce appreciably 
the average amount of work that can be done daily. Some.of the heavier soils 
of the Dunkirk series can not be plowed as rapidly as can the more loamy soils 
of the Middle West. The presence of more or less stone throughout the section 
also operates to reduce the amount of work than can be done daily with plows. 
There are no local reasons why farm implements that are drawn over the land, 
like mowers, binders, rakes, etc., should not perform as much work daily here 
as anywhere. The horses used in western New York average 1,211 pounds in 
weight. The average net day in the field in spring and. summer work was found 
to be 9 hours and 88 minutes, and in haying and harvest it is 9 hours 
and 49 minutes. ‘ 

PLOWING, HARROWING, AND DISKING. 

In Table XXXII are given figures for the most common sizes of 
implements and teams used in plowing , harrowing and disking, and 
the rate of doing work with them in the western New York i, to- 
gether with similar figures for McLean County, Ill. 

The daily acreages for plows in the Illinois area are averages of 


figures for spring and fall plowing from Table II to VI inclusive. 


The acreages for western New York are averages of figures for plow- 
ing on sod and plowing on stubble, as given in Bulletin 412. The 
daily acreages for the disk harrow for both areas are averages of its 
accomplishment on freshly plowed Jand and on well-packed land. 


TABLE XXXII.—Plowing, harrowing, and disking. 


McLean County, Ill. Western New York. 
Implement. Most 
Most common | Number | Acres per! .o7,mon Number | Acres per 
size. of horses. day. sae ofhorses. day. 

Ail baust2h0) (Oy. yepescunesarcco be5 > {44 Aaase peste tase hac oeeoeeclagecosods » 12-inch... 2 1.56 
Sulky plows as--eecoses oes 16-inch......-- 3 2.80 | 14-inch. - 3 2.14 
Gang plows 222520623354. 5 se eee 28-inch. -.-.. =. 5 G88) os assoss cullesogascose|[esaasasons 
Tractor plowao-o 422-007 0-c eee APiNCh? Lat zee Ste Sse 8°37) | 2282 ches |e see aeeee a 4.50 
Spike-tooth harrow........-.-..-- >...| 20-foot....-...- 4 40.60 | 8-foot...- 2 13.00 
DIskMharrows 2.2 sseeoc eee e see eee 8-foot........-. 4 16.50 | 6-foot 3 9.00 


a From Farmers’ Bulletin 1004, ““The Gas Tractor in Eastern Farming.” 
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The most common unit for plowing in the western New York area 
is the 2-horse walking plow, and with it one man covers only about 
one-third as much ground per day as does one man with the 5-horse 
gang in central Illinois. Even with the 3-horse sulky, which is in 
use in both sections, the average accomplishment of these Illinois 
farmers exceeds that of those of the New York area by over 30 per 
cent. Part of this difference is doubtless due to the easier plowing 
conditions in Illinois, as mentioned above. 

There is a greater difference between the acres covered per day by 
one man with the spike-tooth harrow in the two areas than with any 
other implement shown in the table, one man in central [linois ac- 
complishing over three times as much as one man in western New 


York. 


OPERATIONS ON THE CORN CROP. 


Table XX XIII shows in comparison the rates of doing work on 
the corn crop with the implements and crews in most common use 
in the two areas. The figures for planting apply to corn in rows 
49 inches apart. In western New York corn is generally planted with 
the grain drill, this implement planting two rows at a time, covering’ 
- about the same acreage per day as the two-row planter. The Illinois 
men use the planter exclusively for both checkrowing and drilling, 
and in drilling cover nearly twice as much per day as do the New 
Yorkers who drill with grain drills. 


Taste XX XIII.—Operations on the corn crop. 


McLean County, Ill. Western New York. 
Implement or operation. Most | Number| Acres Most | Number} Acres 
common of er common of per 
size. horses. ay. size. horses. day. 
CODED G Weg Se Ee ee ete cL ed P< rae lL Ser eee 2-row...- 2 11.60 
Cormmplanteri(drill)- 222 S2s-s 25255 s 2 2-r0W...- 2 20!00))|2=2dos-=* 2 10.70 
Corn planter (checkrower).......---.------ ae Ober 2 7 SOn Reet ee: foe gars ate | We Ree pr 
Walkimeieglhivaton-o2- 22: ee sscns lees: é 
Riding cultivator - - 
DOusceasecs os. 

Cutting corn by hand. eae 35 
Cutting corn with binder... Beeeeasse seses|eenetarc ae 
Shocking corn after Binders pes es eed Rober: Ate eee 


Husking corn from standing stalks. .-.....|........-- 2 1.6 
EMIS kIT CONT OM SNOCK=e Sa see meee ET se 2 Soa ee ee ae Ee ae ee Se 


About a third of the reports from western New York stated that 
the corn was planted in rows 36 inches apart, the remainder being 
planted in rows 42 inches apart. The figures given in the table for 
western New York for the operations other than planting are aver- 
ages of both sets of reports. The figures for the Illinois area are 
averages of the performance 1 in corn where the rows are 40 and 42 
inches apart. ; 

On only one operation, that of shocking corn after the binder, do 
the western New York farmers accomplish more per man than do 
those in the Illinois area. 
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SEEDING AND HARVESTING GRAIN. 


The sizes of implements and teams and the acres covered per day 
in drilling and harvesting grain, and the accomplishment of one 
man in shocking grain for the two areas are given in Table XXXIV. 
The larger implements and teams used in the Illinois area enable one 
man to cover more ground per day when seeding and harvesting’ 
grain, and each man covers a 10 per cent greater acreage in shocking 
in the Illinois area than he does in western New York. The figures 
for the binders and the shockers apply only to the oats crop in 
Tllinois area, while those for western New York are averages for all 
grain. 

TABLE XX XIV.—Sceding and harvesting grain. 


McClean County, Ill. Western New York. 
Implement or operation. Most | Number} Acres Most | Number| Acres 
common of per common of er 
size. horses. day. size. _| horses. ay. 
Feet Feet 
Gramm drills: a22n oe 5 ee hee aeons sees 8 4 14.9 6 2 10.0 
Grain binder eae 8 4 17.9 6 3 10.4 
Shocking = f32s65 seo cate ee vecue een seen eeelGeesees eee) iso eee gi be a Ai feel eae [ pear ae ee : 7.5 
HAYING. 


Table XX XV shows in comparison the work of mowers, tedders, 
and sulky rakes in the two areas. Five-foot mowers and 10-foot 
rakes are the most common sizes in both areas. It will be seen that 
all these implements cover more ground per day in the Illinois area 
than in western New York. 


TABLE XXXV.—Mowing, tedding, and raking hay. 


McLean County, Ill. Western New York. 

Implement. Most | Number| Acres Most | Number] Acres ~ 

cecmmon of er common (0) er 

size. horses. ay. size. horses. ay. 

| Feet : Feet 

MOWED Se iack po cc nc See ase Fe ee COP REE ERe 5 2 10.4 5 2 9.0 
Pedderis ah: 2k 3s eee eee Bee ee 10 2 2083s 2 14.3 
Sulley rakes Boone cose ee eae ee see en es 10 2 20.8 10 17.6 


The data on hauling hay from the field and unloading it into the 
mow are not comparable for the two areas, and the figures afford no 
comparison of the efficiency of man labor for these operations. The 
western New York farmers were asked to give the number of tons 
that could be loaded, hauled to the barn or stack, and unloaded in a 
day by crews of different sizes, while the men of the Illinois area 
were asked for the time required to put on and take off a load with 
crews of different sizes. Bulletin 412 states, however, that the farm- 
ers in western New York “are on the average from 5 to 10 per cent 
more efficient in hauling in their hay than the average farmer of the 


country,” 
O 


Contribution from the Bureau of Plant Industry 
WM. A. TAYLOR, Chief 
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IMPORTANCE OF THE LEMON INDUSTRY. 


In the United States, the lemon (Citrus limonia Osbeck) is grown 
commercially practically only in California. According to the Thir- 
teenth Census of the United States there were 957,000 lemon trees of 
bearmg age in the United States in 1910, and 396,000 under 
bearing age, of which 941,293, and 379,676, respectively, were in 
California. The total production of all States in 1909 was reported 
in the Thirteenth Census as amounting to 2,770,313 boxes, of which 
California produced 2,756,221 boxes. 

Additional information concerning the lemon industry of Cal- 
ifornia will be found in United States Department of Agriculture 
Bulletin 813, entitled ‘“‘Citrus-Fruit Improvement: A Study of Bud 
Variation in the Eureka Lemon.” 


‘1 This is the fifth in a series of bulletins summarizing the citrus-fruit improvement investigations of the 
Department of Agriculture. The four former reports, U. S. Dept. Agr. Buls. 623, 624, 697, and 813, 
presented the results of studies with the Washington Navel orange, the Valencia orange, the Marsh grape- 
fruit, and the Eureka lemon, respectively. 
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The Eureka variety of lemon is the one most widely grown in 
California. The Lisbon variety is extensively grown in certain dis- 
tricts, particularly near the coast. During the last few years large 
plantings of Lisbon lemons have been made in certain districts. 

During the early period of the commercial lemon industry in Cal- 
ifornia the Villa Franca variety was planted in some sections, but 
at the present time its propagation has been almost abandoned. 


HISTORY OF THE LISBON LEMON VARIETY. 


The Lisbon lemon was introduced into California from Australia. 
Two different lots of trees of this variety were imported about the | 
same time. 

In 1872 Mr. Ellwood Cooper, a pioneer horticulturist of Santa 
Barbara, Calif., noticed that the imported lemons in the San Francisco 
markets were superior in appearance and quality to those raised from 
the seedling trees in southern California. He then conceived the 
idea of importing budded trees of some good foreign variety and 
planting them in California instead of seedlings. He discussed the 
matter with Mr. Samuel P. Stow, a neighbor, of Goleta, Santa Barbara 
County, Calif., and they decided to make an importation of the 
Lisbon variety, which they learned was cultivated in Australia. Ac- 
cordingly, Mr. Stow purchased 12 budded trees in that country and 
had them shipped to San Francisco. These trees died in transit and 
a second shipment was ordered. The trees in the second lot arrived 
in good condition in 1874. Mr. Stow retained two of them and sent 
the remainder to Mr. Thomas A. Garey at Los Angeles, who propagat- 
ed and distributed many trees of this variety. The Lisbon lemon 
trees in some of the coast plantings in California can be traced to the 
Cooper-Stow introduction.! 

In 1875 a small shipment of trees and plants, including some small 
Lisbon lemon trees, was received from Australia by Judge J. W. 
North, of Riverside, Calif. These trees were turned over to Mr. 
D. H. Burnham, a nurseryman of Riverside, who planted them and 
distributed trees propagated from them under the name Lisbon.’ 

Many of the plantings of the Lisbon lemon variety in Riverside 
County, San Bernardino County, and other interior lemon districts 
of southern California can be traced to the North-Burnham introduc- 
tion. Later, other importations of budded Lisbon trees were made 
by nurserymen and orchardists, so that the variety as now grown in 
California is made up of a number of separate introductions.* 


1 Entire statement from interview with Mr. Ellwood Cooper, Hotel Lankershim, Los Angeles, Calif., 
June 19, 1917. 

2 Personal statement of Mrs: Mary M. Burnham, widow of Mr. D. H. Burnham, Riverside, Calif., May 29, 
1917. 

3 Letter from Mr. R. C. Allen, Bonita, Calif., Apr. 2, 1917. 


BUD VARIATION IN THE LISBON LEMON. 3 
VARIABILITY WITHIN THE VARIETY. 


The systematic studies of the variations of the California citrus 
varieties were begun with the Washington Navel orange in 1909. 
Later, investigations were commenced with the Marsh grapefruit 
and Valencia orange. In June, 1911, the study of variations within 
the Eureka lemon variety was begun. This variety was found to be 
subject to variability in about the same degree as the citrus varieties 
previously: studied.’ 

One year after beginning the study of the Eureka lemon, tree- 
census studies were begun with the Lisbon variety. It was found 
that this variety was subject to variability in about the same degree 
as the Eureka. In order to secure definite information on this sub- 
ject individual-tree performance records were begun on a plat of 
trees of the Lisbon variety in June, 1913, included in which were 
typical trees of all the important strains discovered up to that time. 
In these studies detailed performance records have been obtained 
covering a total of 128 Lisbon lemon trees. The individual trees in 
these plats have been picked monthly as far as possible. As with the 
Eureka lemon studies, the frequent pickings during a period of several 
consecutive years have resulted in the accumulation of a very large 
mass of data and information, from which conclusions have been 
drawn as to strain and individual-tree characteristics. 

In addition to these detailed studies, cooperative individual-tree 
performance records have been carried on in several California lemon 
orchards during this period with about 13,000 trees of the Lisbon 
variety. 

The variability of the Lisbon lemon described in the discussion of 
the results of these studies must be clearly distinguished from the 
fluctuating variability due to climatic, soul, cultural, or other environ- 
mental influences. The variations considered in these studies are 
those which have been found to be transmitted by budding and are 
inherent variations. The fluctuating variations, such as modifica- 
tion oI the size of the fruits, slight differences in the color of the 
leaves or fruits, or similar changes due to climatic conditions, cul- 
tural factors, or other causes, have not been taken into account 
except as indicating the effect of certain environmental factors in 
tree and fruit development. All of the variations considered in 
these studies have been traced to individual fruit or limb varia- 
tions in trees growing under normal conditions. 


OBJECTS OF THE INVESTIGATIONS. 


The objects of these investigations have been to determine the 
frequency and importance of bud variation in the Lisbon variety of 
lemon; to ascertaim the relative value for commercial orcharding of 


1See U.S. Dept. of Agriculture Bul. 813, entitled “ Citrus-Fruit Improvement: A Study of Bud Varia- 
tion in the Eureka Lemon.” 
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the various strains originating from bud variations; to disevver 
methods for isolating the best and eliminating the mferior strains 
through bud selection; to origmate and introduce methods for 
replacing trees of inferior strains in established orchards through 
top-working or replanting; to introduce methods for securing reliable 
supplies of buds from superior performance-record trees for use by 
propagators; and to establish a system of individual-tree record 
keeping in commercial lemon orchards, in order to locate the desirable 
and undesirable trees. 


PLAN OF THE INVESTIGATIONS. 


These investigations have been carried on by means of individual- 
tree performance records, as in the case of the citrus Varieties pre- 
viously studied. The term ‘‘performance record”’ is used to mean 
a systematic record for a period of several years of the yield and 
behavior of individual trees. This record includes notes of the 
amount, the commercial quality, and the variability and other 
important characteristics of the fruits produced by the individual 
trees. In the case of lemon trees, individual performance records 
for at least two consecutive and normal seasons on trees which have 
reached a full bearmg age are considered necessary in order to 
determine the value of the trees for commercial fruit production. 
Similar records for at least four years are advisable, in order to fur- 
nish the basis for the selection of superior trees as sources of bud 
wood for propagation. 

The same general methods of picking, handling, assorting, weigh- 
ing, counting, and classifying the fruits that were described in detail 
in United States Department of Agriculture Bulletin 813, entitled 
“Citrus-Fruit Improvement: A Study of Bud Variation in the Eureka 
Lemon,”’ were followed in the studies of the Lisbon lemon. 

The conditions considered essential in the location of the Lisbon 
individual-tree performance-record plats were the same as those 
which determined the final location of similar record -plats of other 
varieties, namely, (1) the production of successful and profitable 
crops of fruit; (2) location on virgin land in order to avoid any in- 
fluence of previous cultural treatment; (3) protection from cold, 
strong winds, or other climatic causes of tree and fruit injuries; (4) 
the absence of radical pruning, rebudding, top-working, or other 
similar tree treatments; (5) freedom from or the effective control of 
diseases and insect pests; (6) uniform irrigation and cultural practices 
during the entire history of the orchard; (7) reliable information con- 
cerning the history of the buds used in the propagation of the trees 
and the kind of stocks; (8) the prospect of settled ownership for a 
period of years; and (9) theabsence of apparent local environmental 
factors influencing tree behavior, so that the results of the individual- 
tree studies would be truly comparative. 
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The original plat included 113 trees. Later additional trees which 
represented important strains were added to this number in order to 
secure as complete information as possible concerning variability 
within the variety. 


METHODS OF KEEPING PERFORMANCE RECORDS. 


_The same general methods of keeping performance records as those 
governing the work with the Eureka lemon were followed in the studies 
of variations in the Lisbon variety. These methods involve consid- 
erably more detailed observation than is usually considered necessary 
in commercial orchard practices. A method which has been adopted 
for commercial lemon-tree record keeping is described in Farmers’ 
Bulletin 794, entitled ‘“‘Citrus-Fruit Improvement: How to Secure 
and Use Tree-Performance Records.”’ 

Each of the trees in the performance-record plat was given an 
individual-tree number which consisted of three parts: (1) The 
number of the block in which the tree occurred; (2) the number of 
the row in the block, counting from some fixed point; and (3) the 
number of the tree in the row. This number was painted in a ver- 
tical position on the tree trunk. The fruits from each tree were 
picked at monthly intervals. The size of the fruit to be picked was 
determined by means of metal rings similar to those used by the 
regular picking crew in the orchard. While the size of the rings 
varied at different seasons of the year, no change was ever made 
during any one picking, so that the crops from the individual trees 
each month were comparable with each other. The fruit from each 
tree was kept separate, and the lemons after picking were assorted 
into three grades, namely, Green, Tree-Ripe, and Culls. The Green 
grade was made up of the valuable commercial fruits and included 
both dark and light green lemons; the Tree-Ripe grade was made up 
of mature. or prematurely ripened fruits, which usually were of 
small size and thin rinds; and the fruits of the Cull grade were fre- 
quently extremely coarse or malformed. In addition, all lemons 
which dropped to the ground between picking periods were included 
in the Cull grade. The number and weights of the lemons in each 
grade were secured, and all variable fruits were sorted out and classi- 
fied. One lemon of each grade was taken from the crop of each tree 
at each picking and the number of seeds counted. In the event that 
any samples of fruits of any grade were missing, so that the seeds could 
not be counted, a note of this fact was made in the field form by using 
the words ‘‘ No count.” . 

All the data obtained in the field were recorded in special field note 
forms. As soon as practicable after each picking these data were 
transferred to forms which provided for a maximum of twelve pickings, 
or the monthly pickings for one year. When the complete record for 
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an entire year had been obtained, it was transferred to a form having 
sufficient space for assembling the data of the individual tree for a 
period of several years. These performance-record forms, together 
with a more detailed account of the methods of compiling the rec- 
ords, are shown in United States Department of Agriculture Bulletin 
813, entitled ‘‘Citrus-Fruit Improvement: A Study of Bud Variation 
in the Kureka Lemon.” 


DESCRIPTIONS OF THE IMPORTANT STRAINS. 
LISBON STRAIN. 


The Lisbon strain was originally called the Semidense Productive 
strain, on account of its habit of growth and productiveness. From 
the fact that the habit of growth of the trees and the characteristics 
of the fruits of this strain most nearly resemble the established ideal 


Fic. 1.—A typical lemon tree of the Lisbon strain (25 years old), No. 1-28-14 in the performance-record 
plat, showing the dense appearance of the foliage. The summarized record of this tree is presented in 
rank 23in Table I. 


for the Lisbon variety, it has been decided to callit the Lisbon strain. 
The trees of this strain are more productive than those of any other 
strain of the variety. The bulk of the crop reaches the necessary 
size for picking during the winter and spring seasons. 

The habit of growth of the trees is spreading, as shown in ficure iL 
and more or less upright. The fruits are largely borne on the inside 
of the tree and are protected from climatic injuries by the covering of 
rather dense dark-green leaves. The leaves are of medium size, 
oval in shape, obtuse, slightly crenate, abundant, and from deep to 
dark green in color. The flowers are usually perfect. 


BUD VARIATION IN THE LISBON LEMON. Tt 


_ The typical fruits, as shown in Plate I, are oblong oval in shape, 
of medium size, and of very smooth texture. The rag is tender, and 
the juice is abundant and of strong acidity. The fruits average about 
four seeds each, and the rinds are thin. 

In addition to the characteristics noted in the foregoing para- 
graphs, it seems evident that the trees of this strain are more inher- 
ently hardy than those of the other Lisbon strains. They are usually 
more thorny than the trees of the Open strain, but the thorns are 
usually not very large or dangerous to the fruits. For certaim con- 
ditions’ of soil and climate, such as locations where the trees are 
subjected to strong winds at certain seasons of the year or to long 
periods of hot sunshine, it seems likely that the trees of the Lisbon 
strain are preferable to those of the Open strain on account of the 
protection afforded the fruits by the dense foliage and the resistance 
of the trees to unfavorable environmental conditions. 


OPEN STRAIN. 


The name of this strain was adopted because it describes the habit 
of growth of the trees, which is one of its most easily identified char- 
acteristics. The trees of the Open strain were more numerous 
than those of any other strain in the performance-record plat. In 
near-by orchards the proportion of trees of this strain was found to be 
much smaller than in the performance-record plats, and the leading 
strain was the Lisbon. In other Lisbon orchards in several impor- 
tant districts most of the trees in the orchards were found to belong 
to the Open strain. In certain districts the Lisbon strain is most 
commonly found, while in others the Open strain predominates. 

It has seemed likely that the trees included in this stra really 
represent two rather distinct strains, the trees of one beg very much 
more productive than the other. However, for the purposes of this 
study the two classes of trees have been brought together under 
one head and considered as belonging to one strain. 

The trees produce fruits during all seasons of the year under nor- 
mal conditions, resembling in this respect the trees of the Eureka strain 
of the Eureka lemon variety. As shown in figure 2, they have an 
open and somewhat drooping habit of growth. The leaves are of 
medium size, ovate in shape, obtuse, slightly crenate, rather few in 
number, and are of a deep-green color. The flowers are usually per- 
fect. 

The typical fruits, as illustrated in Plate II, are oval to oblong in 
shape and of medium size; the rinds are thin and of smooth texture; 
the rag is tender; and the juice is abundant and of strong acidity. 
The average number of seeds found in the fruits of this strain in the 
performance-record plats was five. 
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The importance of the Open strain lies in its tendency to fruit- 
fulness during all seasons of the year under normal conditions. In. 
this. respect it is more desirable than the Lisbon strain. The trees 
have not been as productive as those of the Lisbon strain and have not 
shown as great resistance to unfavorable climatic conditions, such 
as low temperature or extreme heat, as the trees of the Lisbon strain. 


Fic. 2.—A typical lemon tree (25 years old) of the Open strain of the Lisbon variety, No. 1-34-11 in the 
performance-record plat, showing the open habit of growth characteristic of the trees ofthisstrain. The 
summarized record of this tree is presented in rank 64 in Table I. 


Therefore, it seems probable that the Open strain is better adapted 
to those sections where the climatic conditions are most moderate, 
as is the case in lemon districts near the coast. The Lisbon strain is 
probably best adapted to interior districts where extremes of heat 
and cold are more likely to occur. 


DENSE-UNPRODUCTIVE STRAIN. 


The trees of the Dense-Unproductive strain show very vigorous 
vegetative growth. They bear large, pointed leaves and coarse fruits- 
having thick rinds and a comparatively small quantity of juice. 
The proportion of trees of this strain in different Lisbon groves 
varies greatly. In some unproductive orchards most of the trees 
belong to this strain. The desirability of eliminating this strain in 
established orchards or in new propagations is emphasized not only 
from the standpoint of low production, but equally, if not more im- 
portant, on account of the production of coarse, inferior fruits, 
which are likely to be very injurious to the reputation of California 
lemons. 
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PLATE I. 


TYPICAL FRUITS OF THE LISBON STRAIN OF THE LISBON LEMON. 


Natural size, 
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PLATE II. 
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PLATE III. 
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Bul. 815, U. S. Dept. of Agriculture. PLATE IV. 


TYPICAL FRUITS FROM A TREE OF THE BULL STRAIN OF THE LISBON LEMON. 


Several variations and at least one mutation are shown: 1, Rounded, splitend; 2, coarse, Lisbonlike; 
3, creased; 4, Lisbonlike; 5, finely corrugated; 6, variegated; 7 and 8, normal Bull strain, collared 
and protruding; 9, collared and variegated; 10, collared, protruding and variegated. About three- 
sevenths natural size. The natural size of the fruit at the upper right hand is 3 inches long. 
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PLATE V. 


TYPICAL FRUITS OF THE VARIEGATED STRAIN OF THE LISBON VARIETY. 


The fruits, leaves, and limbs of the trees of this strain are striped and the surface of the rind is slightly ridged. 


Natural size. 
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PLATE VI. 
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Bul. 815, U. S. Dept. of Agriculture. PLATE VII. 


TYPICAL FRUITS OF A CORRUGATED VARIATION FOUND ON A TREE OF THE 
OPEN STRAIN OF THE LISBON LEMON. 


This variation has been frequently found as individual fruit, limb, and entire tree bud sports. 
The fruits are commercially worthless, but are interesting as throwing light on the origin of 
lemon strains from bud variations. Nearly naturalsize. The fruit at the lower right hand 
is 23 inches long. 
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PLATE VIII. 
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BUD VARIATION IN THE LISBON LEMON. ae 


The trees bear low yields of inferior crops, mostly during the 
late-fall and early-winter seasons. They have a spreading habit of 
growth and attain great size unless pruned vigorously. They develop 
a large number of vigorous-growing, upright, vegetative branches, or 
suckers. 

The leaves are large and sharply pointed. They develop abun- 
dantly, making dense-appearing trees, and their normal color is deep 
green. The flowers are often imperfect, the pistil being small or 
rudimentary. The pollen is frequently scant and of low vitality. 
The thorns are abundant and often very large, long, and sharply 
pointed and have been found to be responsible for injuries to the 
fruits which in many cases lead to decay and loss to the growers. 

The fruits, as shown in Plate III, are somewhat oblong, usually 
collared, and blunt or flattened at the blossom end. The rinds are 
thick, coarse, and rough in texture and are more or lessridged. The 
rag is tough and abundant, and the juice is scant and of low acidity 
and poor quality. The seeds average between one and two to a fruit. 

The reputation for extreme thorniness of the Lisbon variety in 
most cases is due to the many thorns developed by the trees of this 
stram. It also seems likely that the decay sometimes observed in 
Lisbon lemons is due to the thorn injuries to the fruits borne by the 
trees of this and the Bull strain. This condition serves to emphasize 
the desirability of eliminating these strains and planting only trees 
of the Lisbon or Open strain, which have relatively few thorns. 


BULL STRAIN. 


The name of this strain was adopted because the word Bull is in 
common use among Lisbon lemon growers for certain rank-growing 
undesirable trees. These trees show very vigorous vegetative growth 
and have large, sharply pointed, light-green leaves. They produce 
coarse fruits with thick rinds and little juice, which is of poor quality. 
This stram is one which should be eliminated in all established 
orchards. It should not be propagated for any commercial purpose. 

In many established orchards many trees of the Bull strain have been 
recently top-worked successfully with buds from carefully selected 
trees of the Lisbon or Open strains. A very noticeable improvement 
in the commercial grade of fruit has followed the elimination of the 
trees of the Bull strain in those orchards. 

The trees bear comparatively heavy crops durmg the winter. 
They have a spreading habit.of growth and unless restrained by heavy 
pruning attain great size. They develop many large upright-growing 
suckers formerly highly prized as bud wood for propagation. The 
pointed leaves are large and very abundant, so as to make dense- 
appearing trees, and their color is usually light green. The thorns 
are large and abundant and are frequently very long and sharply 
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pointed. They are responsible for many injuries to the fruit, par- 
ticularly during periods of strong winds. 

The typical fruits, as shown in Plate IV, are oblong in shape and 
likely to be ridged or malformed. The rinds are usually very thick, 
and coarse and rough in texture; the rag is abundant and tough; 
the juice is scant and lacks nc dtey and flavor. The fruits, which 
have an average of about four seeds, grow very rapidly, and when 
picked with the normal interval between pickings are much larger 
than those of other strains. 

The comparatively heavy production of the trees of the Bull 
stram has made some growers hesitate to eliminate them. The 
fruits are poor, and when included in the regular pack frequently de- 
preciate the value of the crops in which they occur. From the ob- 
servations on the value of trees of the Bull strain and their fruits, 
it can be safely recommended that all such trees be vo eae or 
replaced with trees of the desirable strains. 


We SLID) Stead 


Other strains of the Lisbon variety than those described in this 
bulletin have been observed but have not been studied fully as yet. 
Among these additional variations the Variegated strain is partic- 
ularly interesting, occurring rather frequently im some Lisbon or- 
chards. A typical example of a fruit of the Variegated strain is - 
shown in Plate V. The trees and fruits are similar in appearance 
and have very much the same characteristics as those of the Varie- 
gated strain of the Kureka variety. 


SPORTING STRAIN. 


The trees of the Sporting strain of the Lisbon variety resemble in 
their condition of variability the Sporting trees of the Eureka variety. 
They contain branches bearing fruits typical of all the strains so far 
observed in the Lisbon variety, together with other variations not 
classified as strains in these studies. One of the most common of 
these minor variations found in the trees of the Sporting strain is a 
bell-shaped fruit, usually deeply ribbed or fluted in appearance. This 
variation is shown in Plate VI, figure 7. This and the other forms 
shown in the same illustration were found on a lemon tree grown from 
a single bud. Other variations of frequent occurrence are uniformly 
ridged fruits. This condition gives the fruits the appearance of fine 
corrugations, as shown in Plate VII. Entire trees bearing both the 
bell-shaped ribbed fruits and the corrugated-appearing fruits have 
been observed in the orchards in which the performance records have 
been obtained. In the trees in the performance-record plats, how- 
ever, only single fruit or branch variations having these character- 
istics have been found. 
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The trees of the Sporting strain vary in size, habit of growth, and 
productiveness according to the character of the variations borne by 


them. 
LESSONS TAUGHT BY THESE INVESTIGATIONS. 


As in the case of the other lemon variety, the performance-record 
studies of the Lisbon trees have been particularly interesting, for the 
reason that the frequent pickings have made possible the almost con- 
tinuous systematic observation of individual-tree behavior through- 
out the entire year. A very large number of buds taken from supe- 
rior trees of both the Lisbon and Open strains in the performance- 
record plats have been furnished to propagators. These buds from 
individual parent trees have been kept separate, so that each progeny 
can be traced back at any time from the orchard planting to the 
parent trees. In addition to these buds which have been cut from the 
best of performance-record trees, buds have also been taken from the 
poorest trees, in order to compare under orchard conditions the be- 
havior of the progenies of the most desirable with those from the 
undesirable parent trees. 

The early fruiting of the young trees snes from select 
parent trees is just as marked in the Lisbon as in the Eureka variety; 
in fact, it is even more striking in the Lisbon variety, as it was for- 
merly thought that trees of the Lisbon strain were slow in coming 
into production. Experimental propagations from productive parent 
trees of this strain in the performance-record plat have shown 
that young trees of this strain come into fruiting very early. Within 
some of the strains marked variations of importance commercially 
were found, but none as striking as the variations which distinguish 
the strains themselves. These individual-tree differences within the 
strains should be taken into account by. the performance-record 
keeper and the knowledge of these variations utilized in the selection 
of trees for top-working or for use as sources of bud wood. 

There is a marked correlation between the quantity and quality of 
the fruits produced by the individual trees of the different strains in 
the Lisbon variety. A similar correlation was found in the studies 
of the individual-tree production of the various strains of the Eureka 
lemon, the Washington Navel orange, the Valencia orange, and the 
Marsh grapefruit. The trees bearing the most lemons usually pro- 
duce the best commercial fruits. Usually the most productive trees 
show the fewest marked variations in fruits from the type of the 
strain to which they belong. This condition makes the securing of 
production records especially valuable, in that it' enables the grower 
to secure a reliable conception of the fruits of the individual trees. 
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The diagrams and tables presented herewith in summarizing the 
studies on the Lisbon lemon variety have been prepared from indi- 
vidual-tree performance records of 128 trees located in a 100-acre 
orchard near Corona, Calif., which was planted in 1893. Only a few 
crops of winter barley had been grown on the property prior to that 
time. Records were begun on 113 of these trees in July, 1913. Two 
months later, one of the trees adjoining this block was found to be of 
the Sporting strain, and it was included in the record plat. Because 
of the small crops borne by the tree at that season, its record for that 
year has been summarized as though the 12 months were represented. 
An additional block of 14 trees, among them being several represent- 
atives of the Bull strain, was added to the plat in July, 1914. 

The orchard where these trees were located was protected by 
orchard heaters from the frosts of the winter of 1912-13, and very 
little injury occurred to the trees or fruit. The excessive number 
of fruits of the Cull grade recorded in October, 1913, and to some 
extent in December, were put in that grade because they showed 
slight injury from the frosts of the previous winter. Performance 
records were secured on the Lisbon plat continuously from the time 
of its establishment until June, 1917, inclusive, a 4-year period for 
the 114 trees first selected and a 3-year period for the remaining 
14 trees. Seven trees of the Open strain near the center of the origi- 
nal plat became badly diseased in 1915 and were given a severe 
pruning and other treatment to restore them to normal production. 
On this account these trees have been omitted in summarizing the 
records presented herewith. 

Included in the 121 trees for which records are presented are repre- 
sentatives of the five Lisbon strains, as follows: Lisbon, 22; Open, 
77; Bull, 11; Dense Unproductive, 8; and Sporting, 3.” 

The average annual crop of each of the 121 trees in the investiga- 
tional plat of Lisbon lemons is shown in Table I, which also shows 
the percentage (by weight) of green fruits produced, the percentage 
(by number) of variable fruits, and the average number of seeds per 
fruit for each of the trees. The trees are listed in this table in the 
order of their average annual production by weight. The trees of 
the Bull strain are large and vigorous growing and produce heavy 
crops, but their fruit is coarse, thick skinned, and much less desirable | 
than that borne by the trees of the Lisbon strain. The trees of the 
Sporting strain may bear heavy or light crops, but because of the 
variable character of the fruit those trees are very undesirable, from 
the standpoint of both the producer and the propagator. It is inter- 
esting to note that Table I shows that 18 of the 22 trees of the Lisbon 
strain occurring in this plat averaged heavier crops than any other 
trees except some of those of the Bull and Sporting strains. 
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TABLE I.—Summarized statement of the average annual production of 121 individual 
lemon trees of the Lisbon variety for which detailed performance records were obtained 
for the 4-year period from July, 1913, to June, 1917, inclusive. 


[Detailed performance records of the trees marked with an asterisk (*) are shown in Table II. The trees 
marked with a dagger (+) were added to the plat in July, 1914; hence the data shown for them are based 
onrecords for the 3-year period from July, 1914, to June, 1917, inclusive. Records of the number of seeds 
per fruit cover the 3-year period from July, 1914, to June, 1917, inclusive.] 


Average annual crop production. 


Tree Seeds 
Rank. Strain. designa- | . F “2 i AL 
tion. A Green ariable ruit. 
Weight. | Number grace. fruits. 
Pounds. Per cent. | Per cent. 

736.47 | 2,897.00 80.5 36.7 4,36 
708. 63. | 2,788. 25 79. 6 37.4 5.42 
700. 70 | 2,668. 00 84.0 41.9 4. 56 
700.19 | 2, 701.50 84.0 38.7 5. 34 
694.65 | 2,527.67 89.6 43.3 3.105 
690. 80 | 2, 586. 25 85.6 39. 2 4.06 
678.75 | 2,459.33 89.4 56. 3 4.44 
676. 28 | 2,596.00 84.4 39. 2 4.69 
669. 08 | 2, 465. 00 88.8 51.7 4.65 
665.92 | 2,451.33 90.1 49.7 4. 08 
665. 63 | 2,742.75 64.3 19.4 6.77 
657. 73 | 2,530. 50 85.3 33.4 4. 63 
657.06 | 2,600. 00 79.1 36. 2 5.32 
656. 73 | 2,475. 00 87.2 34.9 5.87 
655. 08 | 2,553. 25 82.4 31.7 9. OL 
654.55 | 2,494. 50 86.8 37.4 1.43 
644. 41 | 2,463.00 87.6 39.3 2.14 
641. 44 | 2,454. 00 88.1 41.2 1.70 
640. 44 | 2,345. 33 90. 2 48.6 3.85 
640.17 | 2,373.33 90.9 47.9 4,21 
634.88 | 2,445.75 86. 4 40. 8, 3.76 

pee ce Aa i>'a[ayr(iieh el 8 pee a Seer eo *1—-25-10 619.48 | 2,374.50 83.9 50.6 3.3 
eae era IETS NOT Set pe cemia = ae saan <r 1-23-14 615. 73 | 2,345. 25 84.9 35.4 4.24 
OH ieee ee 1200 (ote a et See ae Ga ae ts Ba *+1-57-16 614.52 | 2,264. 67 87.7 44.9 5. 20 
OSes cee eee (0X6 jis SR ENG tee ee ee SR Ve 41-56-13 608.81 | 2,195. 67 91.9 41.5 4. 63 
ine Seeee NPIS OI hee tense eee aae cee are - * 1-93-17 604.84 | 2,292. 50 87.4 32.8 2.13 
ile ae nme 13300 Dae gp anes a Se ae oles at 71-57-13 603.23 | 2,201.00 90.3 43.9 4.38 
BE. sad Sys Siescal | TLATIS 0 (0) «Tes ed a ca en 1-35-14 §93.38 | 2,520. 25 63.8 16.2 8.20 
Oey Sees Se (Cla Os Wee ae Soe se Sere ee *1-32-10 590. 20 | 2,370. 25 72.0 19.9 4.65 
d 588.69 | 2,360. 75 73.0 24.0 4.56 
587.88 | 2,261.50 | ° 88.0 37.4 1.82 
586.33 | 2,134.67 91.2 50.1 2.98 
581.47 | 2,405.00 a2 21.0 4.50 
579.72 | 2,448. 25- 63.1 19.5 4.82 
577.36 | 2,339.50 71.0 21.6 4.57 
575.30 | 2,344.00 69.6 17.9 5.34 
570.52 | 2, 286.00 72.3 21.6 4.87 
566.95 | 2, 293. 50 67.9 20. 4 5. 53 
4 | 654.88 | 2,244.25 70.9 IAP 5. 25 
AQe cecciecrile ce oe GOs cee em eanenk sate tae Mates 1-26-13 551.48 | 2,204.50 75.3 22.3 4.70 
551.19 | 2,011.00 90.5 42.3 Zul d 
550.08 | 2,223.50 72.4 3.9 4.14 
549.23 | 2,181.25 78.0 30.3 6.10 
542.83 | 2,266.25 66.2 20.6 4.11 
539.61 | 2,290.25 64.4 19.3 5.43 
538.80 | 2,114.50 78.8 32.4 | 3. 98 
536.91 | 2,257.50 64.3 15.9 5.54 
536.31 | 2,217.50 64. 2 16.9 5.18 
536.00 | 2,244.25 67.2 18.0 5.41 
533.88 | 2,242.25 66.9 19.5 4.94 
533.84 | 2,140.00 72.2 21.3 4,40 
531.34 | 2,184.50 67.8 24.6 5.37 
528.38 | 2,225.25 62.9 15.9 5. 00 
527.42 | 2,228.75 64.0 15.8 5.21 
526.36 | 2,158.00 70.1 18.9 4.49 
526.27 | 2,156.75 638.3 21.8 4.30 
524.85 | 1, 967.67 86.5 48.0 3.15 
523.27 | 2,259.25 61.2 14.7 ere) 

522.48 | 2,102.25 70.1 21.6 4.3% 
522. 22 | 2,128.25 71.4 21.8 5.21 
517.41 | 2,171.25 | , 61.8 15.6 4.98 
516.84 | 2,234.75 56.6 13.0 5. 09 
515.92 | 2,187.25 67.6 17.9 4.91 
515.36 | 2, 237.00 59.4 14.8 5. 74 
506. 86 | 2,102.25 63.1 19.5 4,82 
502.98 | 2,033.50 65.8 19.4 4.27 
502.45 | 2,114.00 62.3 16.1 4.60 
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TaBLE 1.—Summarized statement of the average annual production of 121 individual 
lemon trees of the Lisbon variety for which detailed performance records were obtained 
for the 4-year period from July, 1913, to June, 1917, inclusive—Continued. 


[Detailed performance records of the trees marked with an asterisk (*) are shown in Table II. The trees 
marked with a dagger (;) were added to the plat in July, 1914; hence the data shown for them are based 
onrecords for the 3-year period from July, 1914, to June, 1917, inclusive. Records of the number of seeds 
per fruit cover the 3-year period from July, 1914, to June, 1917, inclusive.] 


Rank. Strain. 
6822eas-2 Opens asec ucec sees eee 
GOP eee eae GES Fase ree = ee cee aoe 
1 ( \\eaee a [ieee G0 so. Beene bees eens 
ri ee eee) ees DO eee ee See eee 
eee aa | ees GOR Se eae Be ne ee er 
7 Bead | aes GO: 36 sese ss ee eee ee 
ees Soe COs Sse ee eee 
+ (essa oe Sse GOP see oe eee eee ee 
7h sae eee ALASD ONES eee ae A ee ee 
dep cess. Opens it cape ece passe eee 
NDE eeeal bees (ONO ea ee ee Ae NA 
{fees 4 tapes GOP jase poe Soe eeeee 
SO eee ae bas (OL eee omnia Aa mer ere. 
a3 We See SpOthin? sae soo. eee eee 
B2P esl | PO pene: ab eeee ee ce eee ees 
ro ere pay | eae GOpooko- secre Seer oe 
Aa hehe en eae) | retin (6 Noe inne es ae wo Seeman AS 
7a i esrseea ot es COG Ae Pee eee ee eee 
RO | hee G02 ete pete eee 


jBas 3a SA esse GOss tee eee 
ers aero Ons 52-3 ee a eee 
Dt 5 Boa freer GOS 22 tae ee ee ee ee 
OR ee aa mete C053. $2 EP eae sn ee 
EY (ee age alpen CLO LR cee ene ery eae ee 
OR ears. ieee CURSE ae has Ee Na eS crane i, 
SESSA ess Of ket ore 
FOO Be. ACE. hee (CTV ERS eats ni th Sage See ee Sui See 
ity Le Seer ee be DSS ste oe ee ee 
LOZ MS Saori GOs 3 tee ee cee 
AO SBR Ae See (ole Peep aes Syed Te ee 
NS a MSR G0 ees en ee eS ee! 
IES ok eel ee Oe see ee nee eee 


Average annual crop production. 


Seeds 
G Variabl uit 

aoe Teen ariable Tuit. 

Weight. | Number. grade. arate 


Pounds. Per cent.| Per cent. 
501.28 | 2,121.25 63.0 13.6 5.07 
500.69 | 2,114.00 63.2 15.4 5.18 
497.14 | 2,049.25 68.0 23.4 4.15 
496.86 | 2,013.75 70.2 19.9 5. 03 
496.64 | 2,052.50 68.8 ASST. 4.58 
493.63 | 2,061.75 64.5 19.5 4.96 
492.67 | 1,997.25 74.6 20.7 4.84 
480.17 | 2,022.50 66.7 17.2 4.71 
479.33 | 1,914.75 (Ben 20.2 4.58 
475.09 | 1,976.00 64:1 18.3 5. 54 
474.38 | 2, 084.50 52.6 10.0 6.31 
472.19 | 2,043.00 ile 15.0 5.21 
466.09 | 2,159.25 52:1 14.4 4.93 
462.52 | 1,712.75 85.6 47.7 3.03 
461.97 | 1,962.25 59.7 18.5 5.12 
459.39 | 1,923.50 64.2 20.4 5. 07 
459.28 | 1,967.50 60.9 21.9 5. 04 
457.78 | 1,930.50 68. 4 25.6 4.74 
455.20 | 1,913.50 68.7 22.8 4,45 
453.48 | 1,908.25 63.0 20.2 4.93 
450.83 | 1,856.25 69.6 21.6 5.05 
447.53 | 1,892.25 63.9 20.4 4.26 
443.52 | 1,911.50 58.9 18.6 5.06 
441.86 | 1,851.50 66. 4 22.5 4. 63 
437.95 | 1,877.00 62.2 19.7 5.38 
437.08 | 1,877.25 58.5 18.8 5.09 
436.19 | 1,836.50 65.1 20.0 5.17 
428.78 | 1,805.00 67.1 20.7 5.11 
425.84 | 1,820.00 59.0 16.3 5.05 
424.72 | 1,777.00 66.5 24.8 4.57 
424.42 | 1,788.75 67.3 19.6 4.54 
410.09 | 1,757.00 67.8 17.8 4,41 
405. 69 | 1,813.75 50.5 10.2 5.99 
398.53 | 1,814.00 43.4 9.6 6. 82 
395.94 | 1,703.50 64.6 2250 4.79 
386.79 | 1,584.00 61.8 32.2 5.11 
383.73 | 1,687.50 63.4 PANY 4.81 
383.05 | 1,647.00 60.4 20.5 5.43 
382. 64 | 1,738.25 45.0 12.0 6.77 
377.81 | 1,692.00 49.2 9.4 6. 23 
376.35 | 1,526.00 65.9 Bayt 5.30 
369.55 | 1,618.25 51.8 11.5 6. 22 
362.97 | 1,564.00 54.9 16.2 6.10 
350.38 | 1,566.75 49.0 8.9 6. 46 
344. 64 | 1,464.25 61.1 19.5 4.39 
336.78 | 1,531.00 45.9 iGb3} 6. 67 
281.81 | 1,050.25 92.2 70.4 1.38 
231.14 876.00 89.5 73.9 1. 44 
223.36 853. 00 91.8 71.3 2.05 
217.58 834. 00 90.4 73.4 1.55 
212. 56 793.50 94.2 71.5 1.74 
204. 22 789.50 89.7 75.1 1.63 
195. 61 757.75 88.7 73.4 1.25 
159.75 628.75 85.8 68.9 2.29 
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Figure 3 shows graphically the variations of the average annual 
crops of the individual Lisbon trees, showing the total crops and the 
proportions of fruit of the Green, Tree-Ripe, and Cull grades for each 
tree. The trees are listed from left to right in the same order as in 
Table I. 
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Fic. 3.—Diagram showing the average annual total crop of Lisbon lemons and the production by the three 
commercial grades from the individual trees in the investigational performance-record plat during the 
4-year period from July, 1913, to June, 1917, inclusive. The data for 14 trees, as noted in Table I, cover 
only the 3-year period from July, 1914, to June, 1917, inclusive. 


Table II shows the relative positions of the individual trees in the 
Lisbon investigational plat. The strain to which each tree belongs 
is Indicated and its rank by production as listed in Table I. This 
illustrates the pocmprerod in the plat of the trees of the different 
ranks and strains. 


. 


In Tables III and IV are presented the detailed performance 
records of 25 representative trees from the Lisbon investigational 
plat, mcluding examples of all the strains. These trees were arbi- 
trarily selected by taking every fourth tree of the Lisbon strain, 
as listed in Table I, every eighth tree of the Open strain, every third 
tree of the Bull and Dense-Unproductive strains, and two of the 
three trees of the Sporting strain, always mcluding the highest and 
lowest ranking trees of each strain. In this way the selection included 
6 trees of the Lisbon strain, 10 of the Open strain, 4 of the Bull strain, 
3 of the Dense-Unproductive strain, and 2 of the Sporting strain. 
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TaBLE II.—Distribution of lemon trees of the Lisbon variety in the investigational per- 
formance-record plat, showing also the strain and the rank in crop production of each 
indiwidual tree for the 4-year period from July, 1913, to June, 1917, inclusive. 


[The positions of trees in ranks 22 and 81 are not indicated in the table. They were both No. 10in rows 25 
and 83, respectively, both belonging to the Bparting strain. The tree numbers count from the southern 
end, which is taken as the head of the row. Explanation of symbols: ©= Lisbon strain, = Bull strain, 
@= Open strain, A= Dense-Unproductive strain, -]=Sporting strain; x=not included in recerds.| 


Number of row 
pec nth é : 
Serial No. of the tree 35 34 33 32 31 30 29 28 27 29 56 57 
in the row. ‘i 
elt a ler acx el Falta aetia lai ls Bll Tea Westphal ne 
Se SISlE/e Salle (2 /e|e a dla 2 a a eiala| 4 
BISIBISIB/SIBISIB/SIBISISISIS/SI/B\|S\B/Si/B/S/Bi 5 
NAIM ING NIG |nIs (DIG |DIs|nIslinDiGinlie nis lwle la} & 
mie eels lee See eNO ART See sae arate Brat =| [eee |e [eet 
@| 69) @| 38] @' 51) @| 37] @| 66] Al116| ©) 4) Cl 76] ©} 6)..-|..- a 
@| 48] @| 47) @| 49] @| 60] Al120) A/119} @ 102) GO| 13] @| 56)..-|...|.--]..- 
@| 77| @| 67) @| 291 @| 55| @| 85) @| 59) O| 8i | 1] @ 42/---|.--|..-]._- 
@| 64] @| 65) @| 36) @| 33/ @| 75) A/114) @! 981 CO] 2) O| 3} Gl 41) Ol 32 
@| 93) @| 73) X/-.-| @| 63) Aj121) A/117] @| 91] @| 72] @| 74] GI 7] ol 57 
@| 62) @| 92| X!..-| x|..-| @| 70] @| 35) @| 99] @| 88! @| 40] B) 25) Bl 27 
@| 96) @ 52) x|---| x]---] @| 84] @| 39] ©} 23) OC] 14] @|-71! Gl 10] GB 20° 
@| 80) @/105| X|_--| x|-.-] @| 68] @! 30) @| 86] G} 46] @| 95| Go] 5] @/108 
@| 79] @1112; @| 58/-@| 54] @| 87) ©] 18] ©} 31] OS] 12] © 21] @/103] Do} 24 
@| 90) @| 50| @| 82] @| 34/ @| 83| ©! 17] G| 26] GI 16) GO) 15) Oo) 19) o 9 
@| 61] @| 45] @| 53] @| 44] @ 891 @| 97] @| 94] @/104| G) 43).--|...|..-|... 


The following notes regarding some of the methods of recording 
and compiling the data presented m Table III may assist the reader 
to understand and interpret it. 

Commercial performance records were not being obtained on the 
orchard in which this plat was located, and the workmen were 
unacquainted with such operations. Consequently on a few occasions 
the fruit from some of the performance-record trees was removed 
by the regular workers in the grove before the records were made. 
Fortunately the most of such losses occurred in the summer or 
fall when the production was light and the total recorded crops 
were not greatly affected thereby, but the record for tree 1-83-10 
is considerably reduced by similar losses in January and February, 
1914, at which time the production was very heavy. At least 200 
pounds of fruit was picked at that time and not recorded, so that 
the relative rank for this tree is really considerably higher than is 
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shown in the accompanying data. All instances in which fruit was 
lost, as described above, are noted in Table III. 

Table IV shows the different forms of most frequent occurrence 
which were classed as variable fruits, and the total number of each 
form recorded from each of the trees listed in Table III during the 
investigational period. It will be noted that the large number of 
fruits of the Lisbon strain listed as collared, protruding blossom end, 
and ridged vary but slightly from the typical fruit of the variety 
and are continuous variations or fluctuations, probably caused to 
some extent by certain climatic conditions. These fluctuations 
are encountered in all the strains of this variety. <A similar condition 
was found in the Eureka variety. 


137435°—20—Bull. 815——2 
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Tasie III.—Detailed statement of the annual performance of 25 representative lemon 


[The weights of annual production are expressed in pounds and 


Total. July. August. |September.| October. |November. 
Rankin deble I, strain, “s K e K is At as i = i a 
rade, and season. 2 
poe So) Ee |S IEISI EIS EE la lS] 
2 3 2 3 o 3 @ =) & 3 © 3 
e Z Fs | cee Me a at te Nan el 
1. Lisbon strain: 
Green grade— 
1OIB=14: 2 seat ere 588- 7/ 2,191) 26- 7 95] 3- 6 13] 0- 4 1) 4-12 ie) i || eo 
1914-15 .2. Sasccse Sse 712-13 2,610) 30-11 132] 6- 0 26| 2-3 9} 39- 4 140)28- 6 103 
TOVS=16 eee as ere 579- 8} 2,129) 30-10) 116/13- 1 55] 2-12 10} 1-15 7| 2-10 10 
T9LG=17 2 ss 3 2252. 489- 9) 1,821) 32-6} 131) 5-0 20| 0- 4 1} 5-0 17| 5-13 23 
Average......---- 592. 58/2, 187. 75| 30. 03/118. 50) 6.86} 28.50) 1.36) 5.25} 12.73) 45.50)12.27| 45.33 
Tree-Ripe grade— 
1913-14. .......:....| 47-14 205} 10- 4 46] 0-15 4) 0- 8 3] 2-1 St ee el eases 
1914-15). fe sae cce ne 170- 6 716] 18- 3 91} 2-5 15} 3-10 18] 0-3 1| 0-10 3 
IOVS=NG... 3. Video ees 109- 8 494) 8-1 36/14-10 72| 7- 8 39) 4-11 27| 1- 3 Uf 
NOUGUT So: eee nc stare 103- 0 469 8-10) 45) 3- 4 18] 0- 7 2) 5-12 29) 1- 5 7 
Average........-- 107.69} 471.00} 11.28] 54.50) 5.28) 27.25) 3.02) 15.50) 3.17) 17.00] 1.04] 5.67 
Cull grade— 
TOIS=14 ee ee ane oe 10-12 97| 0-10 4) 0-5 2] O- 4 2) 2-6 Bi) ee a ea 
1914-15 5. Soh a sae 33-15 221) 4-8] 34) 3-14 36] 1-10 15| O- 4 2) 0-11 4 
NOLS Gath eereeene 52-7 311) 5-8 35| 7- 5 41) 4-6 31} O- 2 1;}0-9 4 
VOIGHT A caso cee sone 47-11 324] 3-10 20) 0-12 5] 0- 0 0} 0-0 0} 0-13 7 
AVerage-:. 2.660. 36.20} 238.25) 3.56} 23.25] 3.06} 21.00} 1.56) 12. 0. 69] 10.50} 0.69) 5.00 
Total crop— =r aya ae Ss |iaaen | 
1913-14... bck. ee 647— 1| 2,493] 37- 5| 145) 4-10 19) 1-0 6| 9-3 G8 ees ieee 
AGT ARN 5 2) eee see 917- 2| 3,547] 58- 6} 257/12- 3 77| 7-7 42) 39-11} 143/29-11) 110 
IISA, 6 Guoobcoaos 741- 7|. 2,934] 44- 3] 187|35- 0}  168/14-10 80} 6-12 35| 4- 6 21 
1916-17... =... foyer 640- 4) 2,614) 44-10} 196) 9- 0 43] 0-11 3] 10-12 46] 7-15) 37 
Average.......... 736.47 2,897] 44. 88/196. 25/15. 20) 76.75) 5.94| 32.75] 16.59) 73.00/14. 00) 56. 00 
Variable fruits— - 
NQIS=14 ee I ee 800}...... UD Sail Os eae eee | ere | meerereas 
OVA oe See ete | 597) See 49]. 2 Sk ose Bem ines | ence PPA yee 19 
1OL5=1 Gece e co eee pee eae 1 \.\!] Ree 43) P22 ah 18 ee eed eee Vege: 3 
WONG) > osecsccsescellscoone 1273 beeen 102). 25a) LT ee Oe 14 | eae 15 
Average. .........|....-- 1,064. 75).....- 51.50|.....| 9. SiO) Weenie 9.75]_...- 12. 33 
Average seeds per fruit— ; 
TOTS 14 oa Ge Le eae ae AeS | pees G)iesoel es - HON sea pbe ia ease Blecises feces 
GUAR be SST a ieecd | Boren 4°39 oe ez 2). =eolhen ene Oleseee 2 
LOLS =N GS 2c jose ae ee 4.58) accesses Glacmsiel) “pA 4S ce Slee ee See 174 eee 8 
INVOTAg C2 tenes AS36| aes cal G6 weal!) ShGlcasne bee) Raa 4.67| _ 
5. Bull strain: ees | Sa ee | Rarer aral ea cel Gouna 
Green grade— 
MONA 5 Seco sen ae 738-10 2,641] 3-7 13) acs 2- 48|114-10 411|57- 3 196 
1915-16............. \587- 6|  2,044).19-12 71| 5- 0 19/ 5- 8 18| 7-1 25|27- 9 95 | 
IG macescbansoc 540-13 1,934) 6-7 23) 1- 2 4) 8-10 30] 52-13 183)/94— 0 327 = 
Average.......... 622. 27/2, 206.33) 9.88] 35. 67) 3.06] 11.50} 8.90) 32.00) 58. 17/206. 33/59. 58/206. 00 
Tree-Ripe grade— ries ieee eee cae 
TOM 415 tees sagecties 85-13 335) 0-13) ae ee @) | 1-6 8| 0-0 0} O- 4 1 
1OVS-16 2 ccc cue oee 26- 9 115) 2-12 11) 0-13 4| 4-15 24, 1-2 5| 1- 7 7 
VOIG Vaasa eee 44-9 169} 0-0 0} 0-12 4 6 2} 0-0 0} 1-11 6 
AVierage: a. cts goer 52.31| 206.33) 1.19} 5.00) 0.78] 4.00} 2.23) 11.33) 0.38] 1.67] 1.13] 4.67 
Cull grade— aa Freres] Ieee sia 
LOLA 155 eae ee ee 14-8 85) 0-8 AN ie @) | 0-12 5] O- 4 1) 0-5 2) 
19V5-16- oes ccee eee 16- 9 83) 1- 2 6] 1-11 9} 1- 2 8} O- 2 1) 0- 4 2 
NQUG SU eeerseseeesce 29- 2 177; 0- 2 1/0 3 1} 0-0 0} 0-12 4} 0-13 5 
Average.......... 20.06} 115.00} 0.58} 3.67] 0.94) 5.00} 0.63) 4.33] 0.38] 2.00} 0.46) 3.00 
Total crop— [| lieaearl 
LOVES eee see ie 838-15] 3,061] 4-12 2 eee (@) |14-11 61/114-14|  412/57-12) 199 
LOLS=16 32 cece 630- 8} 2,242) 23-10 88] 7- 8 32/11- 9 50} 8-5) ° 31/29- 4) 104 
NOUG =I 7 Bee eee: 614— 8} 2,280) 6-9 24) 2-1 9} 9- 0 32| 53- 9| 187/96- 8] 338 
Average.........-|694. 65/2, 527.67) 11.65) 44.33] 4.78) 20.50/11. 75) 47.67) 58. 92/210. 00/61. 17/213. 67 


1 Fruit picked in August was carried away without being recorded. 
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trees of the Lisbon variety for the 6-year period from July, 1913,to June, 1917, inclusive. 


ounces, but the fractional averages are stated decimally in pounds.] 


December. January. February. March. April. May June 
| ae ae Ki c Ki : Ki : i : sriclern. K 
~ oO ~ oO ~” oO » oa ” oa ~ oO ” ao 
a a q Q a 2 a 2 RS) a a Qa a Q 
3B q eH | = q A q i) | fe q ce | 
= =) = 5 S =) S 5 ) 5 2 5) 2 5 
E Z E Z E Z z a E Z E Zz E Z 
21-13 82) 83-8 332) 155- 3 559] 172- 1 G20 evreteyasesa| Sereistere-e 91- 2 347| 29-15) 119 
41-10 147| 140-11 527) 86- 2 312} 108- 1 A) 2 teneya eis eee oars 180-10 632). 49- 3) 180 
22-13 82) 109- 5 414) 56-8 232) 125- 0 439) 103- 1 362) 64- 2 228) 47-11 174 
25-15 98} 13-3 50} 120- 5 433} 133-12 ABest 5 22Goe tee 145- 0 556] 2-15) il 
22.44) 81.80) 86.67) 330.75) 104.53) 384.00) 134. 72) 486.75) 103.06} 362.00] 68.70) 251.86) 32. 44 121.00 
1- 2 6] 2-2 9 «68-5 32) 10-1 Oh ane (tae ee ll- 2 49) 1- 6) 6 
8- 6 34} 29- 2 114; 24-8 93) 28- 6 LOY eee ese cress 31- 8 139} 23- 9) 101 
2-11 12} 6-6 33| 1-10 8} 1-14 12| 12-11 47| 35-14 148) 12- 5, 53 
1-2 6}. 2-5 10} 24-14 94) 18-6 (Oleo ses: | seteeeic = 22-12 103) 14-3 80 
2.66} 11.60} 9.98} 41.50) 14.83) 56.75) 14.67) 58.25) 12.69) 47.00) 14.46] 62.71} 12. 86) 60. 00 
0-- 1 1} 0-13 &| 2-0 L213 1  eeaccee| is Shas 1-13 15] 1-5 8 
0-14 5 0-14 5} = -88- 0 46 5- 8 20| eraser epoca ae 5- 6 32) 2-6 16 
1-3 8 6-0 37| 9-0 51) 3-14 20; 6-8 39} 5-4 30} 2-12 14 
0-7 4, 1-4 8} 15-12 107) 4-7 Sale cea 5 -\loe verre 13- 6 77| 7-4 64 
0. 51 3.60} 2.23) 13.75) 8.69} 54.00} 3.75) 21.75 6.50) 39.00) 3.69) 22.00) 3.42) 25.50 
23- 0) 89| 86-7 346) 165- 8 603} 183- 5 (RIS S65) aeeacee 104- 1 411) 32-10 133 
50-14 186) 170-11 646) 118-10) 451] 141-15 uShip adeeas| hecerae 217- 8 803} 75- 2 297 
26-11 102| 121-11) 484) 67- 2 291) 130-12 471| 122- 4 448) 105- 4 406] 62-12 241 
27- 8 108} 16-12 68] 160-15 634] 156- 9 ISS | Seen ccllae anes 181- 2 736) 24- 6 155 
25.61} 97.00) 98. 89} 386.00} 128.05) 494.75) 153.14) 566.75) 122.25) 448.00) 86.85) 336.57] 48.72) 206.50 
ere en Siase see. OM sone DAA eee SOE ES miss 2 Se casa aee cee. 1 es 43 
Be ceUe 17 eee se 104].....-- 66/2 iG ]|56 Sone hobseor Sacmese 145). 22522 67 
ete se Qi|Seascee Eile ase 2012 ~ coe = 386)..---.- 264\ Se... 162|Seee ose 134 
genes Cd) eceSerke 48) Se ao. AVS |ereceets S90 Reece n |semee ce peewee oe 195|2eeeaee 0 
ane tices 29220 eee es |p LtOsO0|Pacsee al) 223: 00)S oc caer 200efalee =| 20400 eo sacl) SSiotlecce= =| OL100 
Becsess Alea Seeee bl Besester Weoccesoe Ol Seeceecll eee naeces Ale Seretoc a 
Se Sl Sacceee Qe oe Glee Besa 2 psaconc haccoen| Baars Sipser 6 
RARSe: Beate | eee ee aaste 3) Be Rabae 1 a eee Alice = 3 1 
ean. an | iereen tee Gries ceen| eae a4: .\ Mav anb fee eel ngueg lon. wel cheaa uomaneel eS! 78 
91-11 321} 147-11 550} 72-5 259) 117- 7 417| 63-13 PAN eae SSalleapo nee 57-14 199 
88- 8 308] 147-12} 554) 101- 3 312} 74-3 265) 71- 3 245) 24- 4 81} 15-7 51 
109- 0 398) 68-12 255) 83- 8 304} 67-12 7A oa sonal bOCeree Seporeel Seecoe 48-13 170 
96.40} 342.33} 121.40) 453.00) 85.67] 291.67) 86.46) 307.33) 67.50) 236.00) 24.25, 81.00} 20.35) 70.00 
5-11 22| 23-8 91; 11-14 45) 20-9 77| 19-6 Mil edcee ee See eee 2- 6 10 
2-1 9} 3-0 15} 5-14 21 0- 2 1 2- 0 8 1-3 4 1-4 6 
2- 6) 9 8-0 33| 8-12) 33] 14-0 Ol Se ceeel srences| Soceceal esses 8-10 31 
3.38 13.33) 11.50) 46.33 8.83} 33.00) 11.56) 43.00) 10.69) 42.50 1.19 4.00} 2.04 7.83 
Oo 0 Oo} 1-12 9) 3-4 18) 2-7 13) 48 73) Sees Ene ose 0-12) 5 
1- 2 6 1-7 6} 5-2 21 0-7 2) 2-12) 15 1- 3 6 0-3 1 
1-2 7} 0-12 8} 13-12 94, 4-6 DA ner raara |lvveateisis | acer ictheisiae 7-4 33 
0. 7. 4.33} 1.31 7.67} 7.38] 44.33) 2.42) 13.00) 3.63) 21.50) 1.19} 6.00) 1.36) 6.50 
97- 6 343) 172-15 650} 87- 7 322} 140- 7 507| 87-11 BBY) earners) Paeacyeues 61- 0 214 
91-11 323] 152- 3 575} 112- 3 354) 74-12 268) 75-15 268] 26-10 91} 16-14 58 
112-8 414) 77-8 296; 106- 0 431} 86- 2 51 BS OSE | meter tl rere erence 64-11 234 
100.52} 360.00} 134.21) 507.00) 101. 88} 369.00) 100. 44) 363.33] 81.81) 300.00} 26.63) 91.00) 23.76) 84.33 


20 BULLETIN 815, “U. S. DEPARTMENT OF AGRICULTURE. 
Taste JI11.—Detailed statement of the annual performance of 25 representative lemon 
Total. July. August. |September.| October. |November. 
Rank in Table I, strain, Z ps 5 ni i Hi : ee : iB - a 
grade, and season. Bs] 2 |B oh | cea Pee Ae aera eos elemeialia.® 
eo (ae q ee | oe | ay q a 
AMemeecpe Gers Ete 2 os 3 
Be a eh i a eae 7 
5. Bull strain—Continued. 
Variable fruits— 
1p ee eee raenoc GAT eer eres De ape @ie2323 A | eros 34]... - 20 
IMIG N55 5 saeseaesor||adsoas 1302 |beeeays BOS Gleaee 2 | eres LO eee 51 
DONG=1 72 ae. ce eee teens 1, 284)...... 10 eee On sees 13)pcs hs 103). _..- 183 
INOUE 5 go s5ae505|20000" 1,094. 33).....- 14.00)....- 3. 00)-22.. 10.00). .-..-- 49.00)..-.- 84.67 
Average seeds perfruit— 
LOL4= 15 soca ee waaelstesee 5.44). c20- Ais 3 (Aaah e liegses asec 4 
NOMS). —Sesescoencllaccoss Oo lesosco VS scocSia 2 eee DN aeises lone 5 
‘Averseo: oe oleae (gheess0s| geome 8.67|__-.- 2.98 | Meier | ae eo een 4.83 
6. Lisbon strain: eS 
Green grade— 
Gy a a Fe Si Ore 535-14; 1,967) 4-11 17| 2-0 8] 1- 2 4, 5-4 Pal pase Acar 
1LOT4 V5 ee. Gee 740- 4 2,653] 9-7 39) 5- 4 22) 3-11 13} 60- 9 229165-12 234 
1915-16: Shes ceieeee 671-12} 2,341] 28-1) 104) 5-8 21) 3-1 12) 11- 8 42/19- 8 70 
LOUG =U Cee eee 444- 8! 1,630 25- 7 104) 2-7 9) 3-3 12) 7-6 26/17— 2 63 
Average .2 222222524 598. 09/2, 147. 75} 16.91] 66.00) 3. 80] 15.00] 2.77) 10.25) 21.17) 79. 50/34. 13/122. 33 
Tree-Ripe grade— 
NOTS— [AK eye e sae raenes 39—3 167) 1-0 6| 1- 2 _ 6| 1-2 5} 0- 6 Dionne PEE teh 
QUA Ses SS ae aes 88- 6 344) 0-14 4, 1-5 7| 0O- 7 2| 0-12 3] O- 4 1 
1915-16 ).c)22 eae 52- 0 234| 10-10 45) 3- 4 16] 3- 0 15} 5-14 32) 1-12 10 
TOUGHN eel ae 72-12 294, 1-5 6] 1- 0 6} 1- 2 5} 2-10 12) 1-1 4 
Average..-.------ 63.08] 259.75) 3.45) 15,25) 1. 67|, 8.50] 1.42] 6.75) 2.41 12 25| 1.02) 5.00 
Cull grade— ae 
1913-14 6-0 46] 0- 0 0| 0- 0 0] 0- 0 0} 0-7 5 [sg tenalaenierts 
1914-15 12- 0 65} O- 4 1) 1-3 10] 0- 0 0} 0-9 3] G- 3 1 
1915-16 37- 4 226) 3- 7 22) 4- 0 27| 9- 1 63, 1-1 9| O- 2 1 
1916-17 63- 4 378} 1-2 5} 1- 0 5} 0-12 5] 0-3 1} 0-13 8 
Average so. 523.222 29. 63) 178.75) 1.20) 7.00) 1.55) 10.50] 2.45} 17.00) 0.56) 4.50) 0.38) 3.33 
Total crop— 
Oe eee So oponeee se 581-1} 2,180) 5-11 23] 3- 2 13] 2- 4 9 6 1 28 tee 8 | ee 
1914-15 2.225.222 525. 840-10 3, 062) 10- 9 44) 7-12 39) 4- 2 15] 61-14 235/66— 3 236 
LOLS =1G 22 eset cera 761— 0) 2,801) 42- 2 171/12-12 64/15- 2 90) 18- 7 83/21- 6 81 
GTC perio eens 580- 8} 2,302) 27-14) 115) 4-7 20) 5-1 22) 10- 3 39/19- 0} 75 
Average....---.. 690. 80/2, 586. 25} 21. 56) 88.25) 7. 02) 34.00) 6.64) 34.00 
Variablo fruits— 
ON S14 ee ae Le ae | ee eee 607]... --- Bisse Agate 1 
AGT 15 esos 2k See | eeeeee 546]...--- 162522 Qh age 4 
1OVSH1G eeepc nals Tye eee Bislloasoc Al Stas 4 
RONG 217 aoe, ths ot ea TIOGA eae COE oe Bee 2 
INO Srconseecolleoleae 1,015. 00)... .-- 25. 25)_..-- 4.75)....- 2.75 
Average seeds per fruit— | | 
LOIS =14 eee mise Sea eee A: 70). 225% Als eas 4)__... 3 
TO VA V 5 ope eyes haces oes ee Sloleeeens Dees Slleaare 2 
LOLS-1Gj55 cae ea eee 4.39 oc See Ol temas ()eaeoe 3 
IAVETALO Mab se mees| cee 4.06)... -- 4.25]....- 4. 88)... 2. 85 
10, Bull strain: 
Green grade— 
a a Nay ice ye eel 706- 2} 2,507) 0-11 Oe (@) |22-10 89 
OTS —16 erate eters 572-10} 2,105) 11-14 44| 0- 4 1| 2-14 10 
TOUGH ipo cies Meena 520-12} 1,883] 5-15 22) 0- 4 1) 3-4 10 
3 Average osc sese 599. 83/2, 165.00) _ 6.17) 23.00] 0.25} 1.00) 9.58] 36.33} 69. 17/243. 00 
Tree-Ripe grade— 
LOTT 5 aay coe 65-12 250} 0- 3 AL eee se (@) | 0-12 3 
ASUS Gis sae ieee 26- 3 116) 0-14 4| 0-3 1; 1-12 9 
AQIG=M iiss ec 61- 2 239) 0- 6 2| 0 3 1; 0-0 0 
Average..-.----.- 51.02} 201.67] 0.48) 2.33] 0.19) 1.00} 0.83} 4.00} 0.92) 4.00) 1.06) 4.67 


1 Fruit picked in August was carried away without being recorded. 
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trees of the Lisbon variety for the 6-year period from July, 1918, to June, 1917—Contd. 


December. January. February. March. April. May. June. 

: F © 3 5 it eeilbbog2) e 

~_ ao ~ eo ~ o Sel oOo ~ o ~ o ~ 7) 

a a NS) a a a qi Q q 2 aq 2 | 2S 

e q bp | Ky Jay q 2 q ay | iy r= 

= 3 S = Se E = = z 3 i =) Se = 

= Z E rs = Z = 4 = ZA = Z = Z 
Re Nate DO ciate ors DLG| Sern cs == Ol cern ateiars ZO |e ete rare AQ wece cme crees| oes Oe 35 
She shale oe iP ee BOR area 7.1) PAR nen UN eee 45iteasie: 2) 
| rs mae 7-10) ete TRS Sees PIO Se OG Ware eet te ebersi sacral | cline oo [ar ere oe 191 
ayo Bora gees 1270200) 202.2. | 172.67)... .3| 7267}. e.0--| 90/50). -.- =... 45.00) -02-..2| 27. 00 
tr ee | es 6] eee Siete tS) [ee See Pee ere ge 11 
Opes oe P| emer (Pee Ales ats eo DAN weer 6\A3525523 4 
Seer Aas FAC eo pe valmerseree = CEOP eee rece DH eerse D100 ee sarees (35(0;0| siete ee 7.50 
64- 9 234| 134- 3 521| 106- 9 383} 154— &, BAD | Baise at oe. ov = 44-15 168) 18- 1 69 
69- 8 248) 144-7 538} 118- 5 413} 85-1 BUS |Eetatecnhesccok 150- 7 507| 27-13 102 
77-0 167} 197-14 721| 66-2 256} 110- 1 401| 70-10 249) 64-11 233) 17-12 65 
77-10 281} 49-13 190} 104— 3 380} 85-14 SOM reer Sas tee 64-12 233 6-11 25 
57. 74| 186.00] 131.58! 492.50} 98. 80] 358. 00) 108. 88] 389.50} 70.63] 249.00} 46.40] 163.00] 17.58 65.25 
4- 0 21 0- 6 2) 11-2 42) 8&5 OR se Se eee 10- 6 45) 1-6 6 
5- 4 20| 21-0 81} 21-14 83} 16-10 63 Rete PAS ess 3 13-14) 54 6- 2 26 
2-4 9 4-1 20 1-9 8 0- 8 3}: 8-10 33 6-11 27 3-13 16 
3- 6 144 5 2 20) 18-11 71| 13-7 50 eset als bene 20-11 81} 4 5 25 
2.98} 12.80) 7.64) 30.75) 13.31) 51.00) 9.72) 37.25) 8.63) 33.00} 7.38} 29.57) 3.91) 18.25 
0-13 10 0-11 5 1-0 6 1-12 ORR See E cee aee 1- 2 10 0- 3) 1 
0- 0 Oo) 60-9 3} 3-12 17) 0-15 Smears Sol re 3-1 16} 1-8 9 
- 1-12 9 4-4 21 6- 1 34 2-3 10 1-14 10 2-1 11 1- 6 9 
0- 4 2 2-11 18} 16-14 107 3- 4 20 Se a eeeae 33- 5 181 3- 0 26 
0. 56 4,20) 2.05) 11.75 6.92} 41. 00) 2.03} 11.00 1. 88} 10.00 5.65} 31.14 1.52} 11.25 
69- 6 265] 135- 4 528} 118-11 431) 164- 9 584 | Seen | eee 56-7 223) 19-10 76 
74-12 268] 166- 0 622) 143-15 513] 102-10 BAG ns Sor eee 167- 6 577| 35-7 137 
81- 0 185] 206- 3 762) 73-12 298) 112-12 414) 81-2 292) 73-7 271); 22-15 90 
81- 4 297} 57-10 228) 139-12 558] 102- 9 Sd Hee ee aoe as 118-12 495| 14- 0 76 
61. 28} 203. 00) 141. 27) 535. 00} 119. 03} 450. 00} 120.63) 437.75) 81.13) 292.00) 59.43) 223.71) 23.00; 94.75 
Poe 331 oe eee 128 | BE aes 133 sees DALG7 | PERS Sr be PE rd rt ool be eee 31 
Beech Whee aS TOS Beet 90 ee ae (isl aS Ses eo sies eeroeioe 25S sea 35 
SSE er 203 |(S-2222= at) Reece 204) eet 338i\--cceSe ily(!) ees 120|bseste= 41 
eoSrenc Doe) erate |e a LOG| Se. oe ie S44 nee F552 2aO| eee 18s | Soe aces oe 1O2|se3-2 2 0 
Serer S560 aa bos p85 (eee i925 75| 226 aL OOD Reman ee | ZONO0l meen 057043 eet 26.00 
nes See Dlsaoasee Slate aes: ri Skee 3 br] Vaio = 58 ere (eee 1S Sa eee 6 
NAN OW 33 DA\e isk eee 2| ince bole ae es 3 PREIS Pe rennet (liseece oe 5 
Je ace 1 3 OlER ase De Fenian 6 
aces Eke 2.38 PV le sseece 3. 33} ------- 5. 56 
106-15 381) 69- 0 258) 99- 8 352} 93-10 325} 46-13 GSS Seeeelioaeeose 42-11 147 
76- 4 267| 159- 7 608) 101- 3 402| 66-7 238) 90- 0 307| 21-3 75| 9-9 33 
88-14 340} 46- 8 175} 91-9 335) 89-10 S20 EM Eerec| Soe eesti onmses|sh seca 85-13 295 
90.69} 329.33} 91.65] 347.00| 97.42) 363.00} 83.23) 294.33/ 68.41) 235. 00 21.18} 75.00} 23.01) 79.17 
————— - a 
9- 8 36] 14-2 55} 8-12 32) 14-4 52} 13-11 Gill eee ae 3-10 15 
2-1 9} 0-14 4 5-14 31 0- 0 0} 6-5 22| 3-8 14 1-8 8 
5-10 23) 6 4 26) 12-13 49} 12-1 Ay eee 8) | Cie Se Ole eae) Pa 22- 0 85 
5.43) = 22.67) ~ 7.08) 28.67) 9515) 37.33] ~ 8.77) - 32:33) 10. 00 36. 5 3.50) 14.00} 4.52) 18.09 


22 BULLETIN 815, U. S. DEPARTMENT OF AGRICULTURE. | 
Taste III.—Detailed statement of the annual performance of 25 representative lemon 
Total. July. | August. |September.| October. |November. 
Rankin Table I, strain, : Sear Hi ; 2 : ui 5 ra ‘ Pa 
grade, and season. = 2 aia |S | eS a) Suse secretes ath ic 
ee eee eee ee) ees eee 
| Oo | Sj <7) =} oO 3 (<2) =) s oOo g 
=, oa Were ie (a fe fe] ee | eal ai 
x | $e 
10. Bull strain—Continued.) 
grade— 
LOI yee se ee 10-5 54{ 0-5 ol aie eb ye pres Gt 6| 0-3 1] 0- 0 
1915-16 S222 eae 13- 7 69} 1-4 7| 1-1 6| 0-10 4, 0-7 2) 0- 0 0 
NOIGANT = cee eee 21-7 131; 1-9 7| 0-0 - 0} 0-15 7| 0-8 2} 0- 5 2 
Average ...-.----- 15. 06) 84.67} 1.04) 5.33] 0.53) 3.00) 0.96) 5.67) 0.38) 1.67] 0.10) 0.67 
Total crop— 
i Le 3 V2 EU yee epee 782- 3) 2,811) 1-3] 6]...-. (1) (24-11 98/162-15}  575/62- 6) 219 
1915=16 ee aera 612- 4; 2,290) 14- 0 55) 1- 8 8| 5-4 23) 10-14 40|/26- 6 96 
VOIGHT So see eeee 603- 5| 2,253] 7-14 31) 0-7 2) 4-8)" 17} 37-9 131|74- 0| 266 
Average -----..-- 665. 92/2, 451.33) 7.69) 30.67) 0.97) 5.00/11. 38) 46.00) 70. 46/248. 67/54. 25/193. 67 
Variable fruits— 
AOTA= 15 eee ee | eee Hiillse 5 sc 1 20 
1915-16 83-25 Os ea ijn 329 | eee 18 
ASIGAT7 Biot eel ae 12 269| Naess 11 
PAS OLA bee e ee See 1, 047. 33}.----- 10. 00 
Average seeds per fruit. - Peer.) 
AQIA-1O ree ss cee eee 5 0] Feet os 4 
HOLS=16 foe, oi seal ae eee 37 ien asses 0 
(AV eT Ages 2.5225 7) 2.17) 
13, Lisbon strain: : 
Green grade— 
AQIS= 1A asta Fes 576-15, 2,206) 26- 1 99] 8-10 35) 1- 6 6} 6-6 74 {| aoe ae 
NO = 15S Snorer 600- 2} 2,180) 17-0 68] 4- 0 18} 1-10 7| 9-14 39)14-12 55 
LOUS—16 Seen aoe 504- 1 1,867] 52- 8} 197) 5-3 22! 2- 9 10) 2-5 9} 2- 2 8 
HOIG=N/ Se aee ae 397-_7| 1,470) 27- 2 107| 0- 0 0} 0-10 2) 1-1 4! 2-10 = 
Average......---- 519. 64/1, 930. 75) 30. 67/117. 75) 4.45] 18.75) 1.55] 6.25) 4.91) 19.75) 6.50) 24.33 
Tree-Ripe grade— 
1019-14 5 Sse es 71-10 319! 7-13 37| 5-14 31| 1-14 12} 2-10 1) Bae eee 
tA 1b Sa5e. ae eee 168-10 699) 8-6 42| 0-15 6) 1- 6 7; 0-7 3] 0O- 3 1 
AOS =16 Sas eee 93-15 432) 23- 9} 106] 4-9 23) 9-12 49} 5-14 32| 1- 6 7 
HOIG—U jee: eee 79-13 347) 6-7 35] 0- 8 3} 0- 0 0} 1-1 5] 0- 3 
Average:.-..:..-. |103.50| 449. 25) 11.55) 55.00) 2.97) 15.75) 3.25) 17.00} 2.50) 14.00] 0.71) 3.67 
Cull grade— 
1013-14 cose see 9- 0) 67) 1-12 15} 0-14 6; 0- 0 0} 1-4 He) aes eens 
NOL 41s Sos eo 24- 2 149} 1-6 12) 2- 8 19} 1-11 12} 0-3 1) 0- 2 1 
AQUS-16 see Foe §2-11 312) 7-10 43] 9- 2 56/13-12 98] 1- 2 9) 0- 7 4 
1OIG=V7 o2 See 49-14 352} 1-13 9) 0- 6 3) 1- 5 8} 0-0 0} 1- 0 10 
AVerage 0.2 32.22 | 33.92) 220.00) 3.14) 19.75) 3.22) 21.00) 4.19) 29.50) 0.64) 5.00) 0. 52) 5.00 
Total crop— 
L913 =14 552 ee 657- 9; 2,592} 35-10} 151/1E- 6 72| 3- 4 18} 10- 4 tis] Pe ro RS eae 
AS) Eo baie eae eras 792-14; 3,028] 26-12) 122! 7-7 43| 4-11 26) 10- 8 43/15- 1 57 
1915-16 sees eee 650-11 2,611) 83-11 346/18-14 101/26- 1 157} 9-5 50} 3-15 19 
AOIGHALTOR ee sone 527- 2} 2,169) 35- 6} 151} 0-14 6} 1-15 10} 2-2 9) 4-3 23 
Average. ..---5--: 657. 06/2, 600.00) 45.36) 192. 5/10. 64) 55.50) 8.98) 52.75) 8.05) 38.75) 7.73) 33.00 
Variable fruits— 
10S IA aS ek ee eee 864 Seer LOPE a P) as (0) A ca Silewoes| heeese 
1 es aerneee ae Sees 593 |e. DO ai=e= (r) Parse Ale een 1A is eee 6 
1915-16 oo asann see eee 1S A Baraca. 73|So028 Al vie 2} Pees es 3 Banee 3 
AQIG-—U Fee ee oe } 835] eeeeee S2\e eee PH RE Osse-2 “esas 8 
AVerare 25S. 22 a | hase 949795 | Peace 4750 |e Ss00/Gaeee 175) Seen 3100) 25e5- 5. 67 
Averageseeds per fruit— 
1913-14 Tees 8G |Se5oe AOD E> Sam Ol Sree LOlee Ses LF) eps ey oe ilies oo ah eee 
1014-15 ee8 hoses heal Seeees pie Ni) ee seers Be) Pscctn Aleeeee Use 2) ee 2 
1915-16 Bee ae cece eee ee Bi) Bese Sleneae Pues 2 Atanas Sia: 5 
AV OTAPCS To ae ee eee Ay deans 6: 00|-=25- 4:56) 2823 3.38) 2-2 5-2 201 poe 3.67 


1 Fruit picked in August was carried away without being recorded. 
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December. January. February. March. April. May. June. 
; é eens hu. ag ae z ; el e 
eee ee oe see |e | 8 | Be ee | 8 
oo) ae a = > |g | & oa lee cle sonal hs 
c 5 D 5 ® g Ci) 3 ® g ® 5 Cy g 
= Z = Z E Z E ei E 2 E zi E Z, 
0-11 4 1-1 4 2-10 15 1- 2 5 2- 6 HONS elses a] eae ee 0-10 4 
0-10 4; 1-10 7) 5-2 24, 0-9 4, 1-0 5) O-7 2) 0-11 4 
0- 0 0 0- 7 4) 14-10 94 0- 0 CB) helene eel Nice eee TR re esa UN wore 9 3- 1 15 
0. 44 2. 67 1. 04 5. 00) 7.46) 44.33 0.56} 3.00 1. 69 9. 00 0. 44 2. 00) 0.73 3. 83 
IY ee 421} 84-3 318] 110-14 399} 109- 0 382| 62-14 DOT soca leat 46-15 166 
78-15 280) 161-15 619] 112- 3 -457| 67- 0 242) 97- 5 334! 25- 2 91; 11-12 45 
94- 8 363] 53- 3 205{ 119- 0 478) 101-11 SOD (eraterate | geese Be estes cre a ene 110-14 395 
96. 85 354.67| 99.77] 380.67] 114. 02) 444.67] 92.56] 329.67] 80.09] 280.50] 25.13] 91.00] 28.26] 101.00 
pe Sere 102 eae ae Ooh eatiesee GRU ate 88\ er eee S36 [ecco | Cpe | eterna 26 
eters Nie Ree ee A3O Ne Sh Pat rere cera 196 | sence WAS eee BAe | Peeein ee 18 
Save ok Le DAB | Piaeyec)= L2OWE. aetsers 256) 544 B52. 710 nee ors Atha a Perret NAR are |= Ye 135 
eee 165. 33]...-.--] 218.00}.......| 209..33].......| 179.00)-..---.] 90.50).------] 34.00]..--...| 29.83 
Beene Olas - Y leeee ees Bl eee Sa Ql omerote SIRE asteters | eee te eee 8 
peer Ale ee Ohese. A erat sre Oenesose Gleecesus Beer hs 4 
Rn: Ra ee oadles Coollleesocact ep ShSsiise sacs — CeCuscueual |= 7G ilvAlerecmed tend S(y (loca eed imene ates’ 
27- 0 103; 96-14 382! 183- 8 695| 125-12 AGG oewisca eo sant: 81-13 314] 19-9 79 
34- 1 123) 75-14 288} 89-11 316) 83-14 SU sete ee Ree 206-11 722) 62-11 233 
22-0 82) 97-14 368} 81- 2 314| 82-6 299| 99-7 357| 34- 6 124| 22-3 77 
15-15 57| 16-15 65| 76-9 275) 120- 9 480 Passes. |Saeeet 133-10) 510) 2-6 10 
19.80) 73.00) 71.89) 275.75) 107.72) 400.00) 103.14) 376.50} 99.44] 357.00) 65.21) 238.57] 26.70) 99.75 
2-8 14, 1-6 6) 21-15 84, 9-3 Bsce ores Hoeenee 15-10 69) 2-13 13 
4-2 16| 16-6 66} 31- 8 117| 36-3 NED Saeeese| See sene 44-] 186] 25-1 116 
3- 4 15) 3-10 20; 4-12 31; 0-0 0} 11-0 42) 12-3 52) 14-0 55 
0- 4 2) 3-4 13} 12-1 45) 22-9 SS laren lessee 26- 2 113} 7-0 40 
2.03 9.40} 6.16) 26.25) 17.56) 69.25] 16.98] 66.00} 11.00} 42.00} 14.00} 60.00} 12.22) 56.00 
0-1 1 0- 0 0 2- 5 15 1-5 Sikes sR es 1-5 11 Q- 2 1 
0- 0 Q} 1-5 8| 3-2 18} 3-13 2D Ge ak (ala re 4-4 23) 5-12 33 
0- 3 1} 3-6 16} 9-10 43) 1-10 9} 2-0 12) 2-7 12} 1-6 9 
0-11 5}. 3-2 22) 14-5 104, 8-9 62 eaewels Sea o= ol 71; 6-10 58 
0.19 1.40} 1.95}. 11.50) 7.34) 45.00) 3.83) 25.25; 2.00) 12.00) 2.87) 16.71) 3.47] 25.25 
29- 9 118) 98- 4 388} 207-12 794| 136- 4 Gil eee sale seson 98-12 394) 22-8 93 
38- 3 139} 93-9 362) 124— 5 451) 123-14 AT QUES Ses NSE ES He 255- 0 931} 93- 8 382 
25- 7 98} 104-14 404) 95- 8 388) 84-0 308} 112-7 411} 49-0 188} 37-9 141 
16-14 64) 23- 5 100} 102-15 424) 151-11 580 (oer als Seas 171-13 694) 16-0 108 
22.01; 83.80} 80.00| 313. 50| 132. 63| 514.25] 123.95) 467.75) 112.44) 411.00] 82.08) 315.29 42.39, 181.00 
uate WA he eee OG esas Seis ee OIG EN So arse he eereneetcol aera TAS sear 30 
eee QONRE eee Me aoanoe ROM Segoe HDD Hea |e lh ies PSU esos 63 
eteace Slee aces 329| Kee: 283 iamenee PAG eigen, 285 ee eeeee On Rae 78 
aoa CW lsaeccer DS ere vere ON el es Sale PSH Se Se eee ee 193|E a shass 0 
El Siete ses MN osoceca| USO scesesel ule eblee soe e alt U0 emagooalietn Ose cesoalt thai cnsasa|) ear) 
ie See eee Seca Slecsssen bah ie eas eee eS OSes 6 
mish OP Lee ‘Ol ake aes (Sexes tl Ses seer e 5554 eee i lfo) hee eres 7 
He Saeee Aes eae 5 eeee nee ‘lien esee Gas au Ol se sees 2 eee 3 
Bees wee GS ere creni: 4.88)....... ebyitellpyasoes GuDlsesense ZeOU Rese aes Quad ees se 5.33 
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Rankin Table I, strain, 


grade, and season. 


17. Lisbon strain: 


Green grade— 
1913 14 os ec S nese 


- Average 


Tree-Ripe grade— 
1913-14 


1913-14 


Average 


Total crop— 
LOLS 14S eae eee 


Average 


ee es 


Variable fruits— 
1913-14 


1915-16 


Average 


22. Sporting strain: 


Green grade— 
1913-14 


1915-16 


Average 


Tree-Ripe grade— 
1913-14 


1915-16 


A VeNage 2222 sence 
Cull grade— 
1913-14 


Taste III.—Detailed statement of the annual performance of 25 representative lemon 


Total. July. August. |September.| October. |November. 
2 at pe] SP SC ee TS et eth eee 
q rQ q He) As! xe} ao 2 q rQ aq pe} 
e q Cece | cape ee |e ape 
© 5 = = = = 
= Z eC | ee | BS ee ea ime tee 
463- 4| 1,738] 22- 6| 82) 4-10' 17] O- 4 | 2=86| fies Olea ise oe 
719-14] 2,588] 9-12; 38/44] 16|19-11| 74] 90-121 330/Si- 3] 988 
502- 8| 1,825] 32- 7| 114| 6-7) 26 6-0] 21/ 12-19]  — 46/23-10| ~—s 85 
571-11) 2,064] 19- 4 73] 1-3 5] 1-2 4) 10- 8|  36/19-14) 71 
564. 33/2, 053. 75] 20.95] 76.75| 4. 13] 16.00) 6.77] 25.00] 29. 09/105. 50/41. 56/148. 00 
15-14 75} 4-21 1| O-11 4| 0- 6 Nees Geass 
60-14 242} 3-0] 13) 0 3 1;/2-3| 121 0-0 0| 0-8 2 
49-11 933| 14- 0| 62| 3-141 901 6-11) +33] 4-5! ~—-293] 0-10 3 
73- 2 318) 2-6) 12] 0-3 1| 0-6 2} 4.9] 20] 0-12 3 
49.89| 217.00] 5.88] 27.00] 1.23] 6.50] 2.41] 12.25] 2. 48] 12.25] 0.63/ 2. 67 
7-8 55] Q-11 7O= 4). 2 2\s0"-0le « S@leT sale pestoiees |. 
10- 4 57| 0-8 2) 0-14 6| 0-7 3) 0-0 0| 0-3 1 
22- 6 129) 2-0| 13/3-6| 21/4-9| 30| o-8 3] 0-12 5 
80-10 528| 0-5 2] 0- 4 1| 1- 2 8} 0-0 0| 0- 8 4 
30.19} 192.25} 0.88/ 6.00] 1.19} 7.50] 1.53] 10.25) 0.47| 3.25] 0.48] 3.33 
486-10] 1,868] 27- 3] 110 5-9] —23/ 0-10 Saale og leeee a |e aac 
791- 0} 2,887| 13- 4| 53/5 5) 23/22 5| ~~ 891 90-12] + 330/81-14] 291 
574- 9] 2.187] 48- 7] - 18913-11! 67|17- 4+ 84/179] 72/25- 0] 93 
725- 7| 2,910] 21-15] —87| 1-10 7| 2-10} 14| 15-1] 5621-91 78 
644. 41|2, 463. 00] 27. 70/109. 75) 6.55) 30. 00/10. 70] 47.50] 32. 05/121. 00/42. 67/154. 00 
ras 77 onl en. Ace an Olas (0) eece ee eas 
Mee 560 [sees |e OIL eee 5 el egal Gea ee ee aa een ag) 
eae 715-283 | gees | eee | eee Aloe alse | aero |2 I 9G 
ari Tp280besesal — C4 ss5- il ae Since) 2 Wales seul © 20 
pene 967. 25|22 252. |)27250\- sss 2825 |e sls ed eee lie 75 eats UAT 
Fas 2536 |eeeee ote Al eee isbes vest Ol eeeallen 
eee 2.99). 18: 3 ae lets! Sleeps Sle 2 
Stace DET HE aaa Gate Ole aie fl tea ARSE 2 
oe Dal STOPES 5G ete se | (ois |e elite G3 | ae aunt STA espe enc 
496-14 1,894) @) |...... @) ees 1-5 5| 2-5 tai [ene 
672- 0| 2,434, 17-3] 70/210] 1112-5 9] 51- 2| 189/42 5] 151 
534- 5| 1,970| 16- 9} 73|11-14/ 50] 2- 5 9} 5-0] 19] 6-12) 24 
374-10| 1,401] 13-11] 57/26) 10/ 2-1 7| 6 8| 24) 4-10] 55 
519. 45|1, 924. 75| 15. 81| 66. 67| 5. 63| 23.67| 2.00] 7.50] 16.23) 60. 25|17. 90] 76. 67 
127, F(a ae OV 0-3 1] 1-0 il ei tae 
123- 2 426| 7-0] 36) 1-1 Alpe Sai) te 5| 0- 3 1 
56- 9 263| 15- 7| 68] 6-15] 36/4 7] 24/ 3-6] 18) 0-3 1 
87- 6 313| 0-7 2| 1- 6 8| 0-10 3) 2-7] 10] 0-11 4 
69. 88] 264.00] 7.63] 35.33| 3.13] 16.67/ 1.84] 9.75] 2.00 ss 0.35] 2.00 
6-5 Ol (@) |e (yl t=) = 101) O20 (Nes ea aes 
17-9 107| 1-8 12| 0-11) 5| 0-12 5| 0-6 2] 0- 8 3 
43- 2 263; S11} 54112-7| 78/ 5-7] 41) 0-1 6| 0- 0 0 
53-10 323/ 1- 0 6| 0-13 5| 0-10 4| 0-0 0| 0-4 2 
30.16] 185.75] 3.73] 24.00] 4.65] 29.33] 1.97] 15.00] 0.27] 2.00} 0.25] 1.67 


1 This tree was not included in the performance-record plat until September, 1913. 
2 Fruit picked in August was carried away without being recorded. 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


| 


December. January. February. March. April. May. June. 

: is : a , Hi f 4 Bey re : K Railae 

a oO ~ i-3) ad Oo ~~ ao a ao ~ oe — [-9) 

eee ee) Sees eel ee) go] Bo ee Pe 

ee ise sales | 2 Bee ey) Bs ser 8 es lg 

E Z = Z = Z = A = Z = a = Z, 
43- 0 158] 125-9] 488] 160- 4; 586] 62-4] 2g7|.......|-.---.- 29-9 110! 13-0 49 
68-10 245] 135-15, 501; 89-3] 314] 66-15)  243).......]..-.-.- 105- 4)  364| 48-5] 175 
63- 0 218] 121- 2) ~ 451) 84-4] 3231 538-9] 193) 52-8] 182] 28-14) 103) 17-15 63 
46-14 174) 39-2] 145) 121-0) 446] 158-13) 515]....-..|).....- 157-9] 590! 1-6 5 
44.30| 159.00) 105. 44] 396.25] 113.67] 417.25] 84.14] 297.00] 52.50] 182.00] 45.89] 166.71) 20.16] 73.00 

SSS f 
0-10 4| 0-0 (ie A eG Valse ae el ee ee a 8 141 1-2 5 
10 25} 16-10 65| 11-0 41] 9-3 2Y5) (so, a neni = y 31] 3-12 16 
6-12 29 4-8 24| 1-1 6| 0-0 0| 2-14 1) al 9] 2-15 12 
0-14 4) 1-14 9) 4-9 18] 11-5 EG) 5 oe ae ee 40-6] 177) 5-14 29 
3.05] 12.60) 5.75] 24.50] 4.50] 17.50] 5.88} 23.00] 2.88) 12.00] 7.63] 33.00] 3.421 15.50 
0-4 3} 0-10 4) 1-14 5] led Alsi payaso 0-13 5| 0-6 2 
O14 5| 1-4 6| 2-6 10| 0-6 9 De [Eat aha 2-0 a ke & 8 
0-14 en: Al Sib 20| 1-0 4) 2-5 12 iG 7| 0-6 2 
0- 4 Bleed 2) 15-2} 104 6-15) EY es ee eee 33-10). 203}: 22- 4] 158 
0.45, 3.00] 0.91} 4.75} 5.78] 37.25] 2.39] 14.50] 2.31) 12.00] 5.40) 32.57| 6.09] 42.05 
43-14| 165} 126- 3} 492/ 163- 8} 606] 66-8] 258).......]......- 33-14] 129] 14-8 56 
76-8 276| 153-13] -572/ 102-9] 365] 76— 8|. 281. = 2. |_-- 114-11) 408} 53-7) 199 
70-10 252} 127- 2) 482} 89-1) 349) 54-9] 197] 57-11] 206] 32-5) 119] 21-4 77 
48- 0 180} 41-4] 156] 140-11] 568] 172-1]  602|.......|.....-. 231-9} 970] 29-8] 192 
47.80| 174.60] 112. 09] 425.50] 123.95] 472.00| 92.41] 334.50] 57.69] 206.00} 58.92] 232.29| 29.67] 131.00 
Lpiar a Ue alle. PAN oars. bl Sere ci eae 3 [ea A G3 teen ee 18 
Basis! Bo [eerie es () eee Gain ae ee OO Ree er es ES TOA ES eee 49 
pee TEGIE eae a eta pe we eh ae | eee Leet [crea oe ees (0) | Re BO ewes 49 
See aes | Repeeraies | eee O3 [te yams Meh D5 scons | tata ees acelh  2 feMae ln Opal oo 5 
Keen et Fis G0) eee leet G85 | eee (POT 5Ol ee sea |S 72.50 seem | 1 GON OO |e 4-10 67229 |seeeenee On 25, 
Sapa [See Al Re a I ERA a ee Dy bare ee ee Oe Ol Era es 1 
pee ee legs (ue Reet dlfcean 1 [CA mc coli. oe Nie ae 6 
yes Oe 7A ae Oliers Nei ae is eset Deva 1 
fe ae ies eee leas ion teen nag |4 6 Porssimeme ea tg galt! CIR 9 gla mee taba 9) @7 
| 

72-1 303] 138-10] 518] 166-9} 610) 57-4) 299).......|L.2...- 42-0; 163] 16-12 64 
73-10 260| 118-10) . 439] 83-8] 300] 100-4)  364|.......|..._... 135-1) 472) 45-6| 169 
61- 0 210} 137-11, 517] 78-12) 308) 67-3] 241] 86-1] 302) 34-12] 122] 26-6 95 
53- 1 196} 19-14 (5p ST |e 15| i104 Aen S66|aaeee ele 73=18|) e270| z= 1D 26 
51.95] 193. 80| 103. 70] 387. 25| 104. 02} 383.25] 82.23] 298.25] 86.06] 302.00] 40.80] 146.71] 23.91] 88.50 
0-10 2} 0-4 1} 1-14 8| 2-14 13 ere a SU 4-10 20) 1-0 4 
62 22} 15-13 64] 10-12 41| 25-8 OS tetera es cone 19-1 78| 34-5 64 
iG! Gey 6| 5-6 28| 0-0 0} 0-12 3) 11-12 47, 3-8 16 
le 5| 9-6 34 30- 3 (rhe ae aM ask Rie S110 |pee 125] oO 50 
9.00} 4.58] 19.00] 6.84] 27.75] 14.64] 44.50] 0.75} 3.00| 9.49] 38.57] 11.95] 33.50 
4) 0-10 Al ead TON O07 Al Rees lea. sices . 0-10 5| 0-7 3 
it EG ae G 7) BG alte ee Sao ee 4-10 29] 3-14! 21 
qe li| 6-12 391 1-6 6] 1-14 9} 1-14 9) 0-6) 2 
Ay 7| 13-8 85| 1-14 13 |e oe |e ete 30- 0] 166} 4 0 32 
3.20) 1.41] 7.75] 6.03] 37.50] 1.52] 9.25] 1.88] 9.00] 5.30] 29.86] 2.17) 14.50 
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TABLE III.—Detailed statement of the annual performance of 25 representative lemon 


Total. July. 


August. |September.|’ October. |November. 
Rank mn ble I, strain, ie Hw a Ki & K ae Pe aI tis K 
rade, and season. 
ie 2) 2 18)/2 13/2 18/818)6 18] 4 
© 5 2 = 2 5 2 3 2 2 = 
= WO SN tie itr el 
22. Sporting strain—Contd. 
Total ercp— 
1913-14.............]515-10 UO (@) leccone @inieeeess 2-9 16] 3-5 BLA epee alae 
1914-15... ..-|812-11] 2,967) 25-11} 118] 4- 6 22| 5- 3 25| 52-11) 196/43- 0} 155 
LOIS=16 Cena 634- 0} 2,496) 40-11) 195/31- 4) 164112- 3 741 9-1 43) 6-15) 25 
HOLG=1 (eee ee oes 515-10} 2,037) 15- 2 65] 4— 9 23) 3- 5 14) 8-15 34) 5- 9 61 
'. Average....------ 619. 48/2, 374. 50} 27. 16/126. 00/13. 40} 69. 67| 5. 81) 32. 25] 18. 50) 71.75/18. 50) 80. 33 
Variable fruits— 
TOO eee Seasonic (Saeose 1, 064).....- @taaee Qa aees Asess=5 Oecd oes Seseee 
9142155 Seen eye 1061 Eeeee= 46)....- GiEseee 9 erase WAN Eee 32 
iy sere Sereooesaoosnonoce 1,455)... .- 61|...-- 26/522 25 Ba es ees 2 | Res 7 
TOUG=V7 Mesos See ee 15225) 525. - = BY (ese Dlesese A osktet 25). -.-- 41 
ASTTG)s-sessanadlacseee 20125 | Seana 46.00)... -- 1233 |e a 6275 eee 29.25)... ..| 30.00 
Average seeds per fruit. : 
AQISS14 Si pasate Seen: S.3|2ee eee @yialeee @Qiges= O| Paes Opes eaees 
1D) Yay eens iepca) Saree 2503 | eee Bees LU eee ares il eeee “3 
UOIS=1692 eee esses|eecmee S04 eee Slpesee B\jooces i eSecce il eteee 5 
Average: -<iccss=s lessee SE il|e soase Sul saeee 27a 2.22)..-..- 2p tl eccee 3. 80 
24. Bull strain: 
Green grade— 5 
O14 5 a se acto 590- 3) 2,146) 1-10 6]... -: (2) |11- 4 42| 95-14) 353)....- () 
1915-16... ..-|540- 8} 1,896} 16- 2 58] 6- 2 26| 3-11 14) 4-9 17/16— 1 56) 
LOLG=SE Rae es 505- 0} 1,803) 6-0 22| 1- 6 6] 4-13 17| 35- 8} 122)76- 0) 267 
Average..-..----- 545. 23/1, 948. 33} 7.92) 28.67] 3.75] 16.0) 6.58) 24.33} 45. 31/164. 00/46. 03/161. 50 
Tree-Ripe grade— x 
1914-15... 2.222022. 99- 0 381; 0-10 Seer (2) | 0-3 1; 0-0}, . O..... (2) 
191516 Soe se Saaose 17- 9 78| 0-12 3] 1-15 9) 2-0}. 10) 0-15 5} 1- 8 7 
LOLG=HV Se Se ae 37-1 145) 0-14 410-5 2| 0- 8 2} 0-3 1) 1-1 4 
Average........-. 51.21} 201.33} 0.75) 3.33] 1.13} 5.50) 0.90} 4.33} 0.38) 2.00) 1.28] 5.50 
Cull grade— 
1914-15 _...... ae 11- 0 58) 0-4 2 ese (2) | 0-13 5) 0-3 eet (2) 
AQI5=1625% ~ sac scn ne 12- 8 71; 1-4 8} 1-14 11) 0-10 6) 0-6 2|-0- 7 3 
POIG=N LS eee eon Soe 30-12 216} 0-11 3} O- 2 1| 1-6 10) 1-6 10) 0- 3 2 
Average ......-..- 18.08] 115.00) 0.73} 4.33) 1.00} 6.00) 0.94) 7.00} 0.65) 4.33] 0.31) 2.50 
Total crop— 4 
1914 15 eee se cee 700= 13) 2. 585 |52—18) ie titl eelee (2) |12- 4) 48] 96-1) 354]____. Q 
LOLS“ Giese eee 570- 9) 2,045) 18- 2 69] 9-15 46) 6 5 30} 5-14 24/18- 0) 66 
LOG Wise hoses cee aee 572-13] | 2,164) 7-9 29) 1-13 9} 6-11 29) 37-1] 133)77- 4| 273) 
Averag3..---+---- 614. 52/2, 264. 67| 9.40} 36.33) 5.88) 27.50) 8. 42) 35.67] 46. 33/170. 33/47. 63/169. 50 
Variable fruits— 
OUST 5 Rene eee eee eee B82 ereees All eecee/s (2)esheaees iLO | earneee Mel sa (2) 
Ua) ee Ssacineacligasace WBYBescase Ue oeeoe Slee Bl eae oe Slee 30 
VOIG=U Sacer 1 096| eee 12\eeee Lea ae Digeeces 56]... -- 140 
VELA es ces 2a scs| aces Oli O00 Pees 10533) eeeee 2500 | Renee Un SB s sco 30. 67)... -. 87. 50 
Average seeds per fruit— 
A OTA 15h s ce, ae aie eee Gute Geers > ae @) Weeace S| eee Olehe: (2) 
1919-16 :-)2 25h accee alee eee 4.50|....-- Dl Rete Alea Giese 2 | eae 2) 
IAVETALO soc cnccse|emeaee 920 | eee 2500 see 4.00}... .- 4.50}....-- (20) See 2. 00 
26. Lisbon strain: 
Green grade— 
NOUS = 14 Fee Sosa 418-11 1,544) 15- 6 52] 5- 3 20] 1-10 5} 12- 5 51/45- 5)....-- 
NQI4=“V 5 seis asee ne eae 725- 9} 2,587) 8- 2) 33] 7- 4 28] 8-10 35} 40-11; 149) 1- 2} 163 
1915-16)5. 3-226 oes 510-14 1,844} 35- 1 129)16- 7 65] 1- 5 5| 5-9 20| 5-14 61 
OLGA Pae eee eeniee 458- 2) 1,717} 13-13 55} 3-10) 15) 2-15 11] 6-10 23) 5-14 3 
HANETAL Cayenne 528. 31/1, 923. 00) 18.09) 67. 25} 8.13) 32.00} 3.63} 14. 00) 16.30) 60.75/22. 77) 82. 33 


1 This tree was not included in the performance-record plat until September, 1913. 
2 Fruit picked in August and November were carried away without being recorded. 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. January. February. March. April. May. June. 
ee es eae lat) 2) aes heel 
aq 
te g A) g ey | ty | iy q 2D g i 3 
® @ ® | @ | 2 | 2 3S Jd 
E Z fare meth eet yee. (ee Z e ae ae ZO ALE Z 
73-5 309} 139- 8 524) 170-15 637| 60-9 20 eens fel esate aro 47-4 188) 18-3 71 
79-14 283) 135-13 511) 95-10 348] 128- 2 ALG eae | eS a 3 158-12 579| 83-9 254 
65-13 234| 141- 5 534! 90-14 375} 68-9 247| 88-11 314! 48-6 178! 30- 4 113 
54-10 204) 22-2 87] 110- 2 434) 136- 5 AAG! pre ae Flt te See 134-13 561) 20- 2 108 
orn 73| 206. 00) 109.69) 414. 00) 116. 89) 448.50} 98.39} 352.00) 88.69) 314.00) 55.60) 215.14) 38.03) 136.50 
eae } Wai | 2 Beers 280 Seeae oe BRYN woanae 1 eye ogee leeoaeed Baopaae TU ReREes S 43 
= eS | HY ret ares 131 Ree se VGA ae cies 1B): coeeel Senor eemeee 104s pee t 110 
Beer | (ll ee ener 4162S ees 282 setae 22h ifs. 2 80 sateeee O4|-2ekeee 64 
2 aa ean 1/2] eee 66|eseee 269 | eee STAs. 2a eanoe ae <cee.= PAW 5 ae 20 
Scene NO PsA Olesen 2oo Coleen eee 205-400 |asaeciial! 2a2.rD| 141) 80. OOo 5: 2 | Sia eee ay. 2 59/25 
i le es ii eete tere Bl eerste Ohare ae Ce ae eee ect | see ZIBR seer. 1 
aaa Beane AUS ee Oseashs: | eee SRO ees ec eOBee Mr sere | ao a0 a 7 
Perit 2s PAKS ae hic ae ca 6 | eee ae Oa aee Fi esaece Gee 3 
Siow: Be2e| ere eres AS AA reins BBGYA le oSesas Bhats|eaobade Sido leecse= = APA Feet a 3. 44 
; 90- 7 319) 134-14 502) 40-13 152} 83-13 311} 76- 8 ay eee asics cise: 55— 0 191 
70-14 251) 105-10 407} 56- 4 220} 109- 3 325) 105- 3 3 24-1 87| 22-12 77 
115- 4 426] 36-4 135) 91- 8 320) 75-5 DOS | Pan ta, =| Slererse eis esac set | ee etctane 63- 0 220 
92.19] 332.00} 92.25) 348.00) 62.85] 230.67) 89.44) 301.33) 90.84) 314.00} 24.06} 87.00) 23.46) 81.33 
11-9 42) 37-14 145} 12-3 46] 14-5 55) 19- 8 ‘ise Beers melt 2-12 il 
. 1-5 5} 0-13 3} 1-13 10) 0-0 0} 1-12 6} 2-6 10) 2-6 10 
1-5 5| 3-6 14 0 144 6-9 LN pics| [erate takes Bee eel 18-14 75 
4.73; 17.33) 14.02) 54.00) 6.00) 23.33) 6.96) 26.33] 10.63] 42.00} 2.38] 10.00) 4.00) 16.00 
0-10 3) 2-4 10) 1-12 9) 2-0 9) 2-1 16 | Bsseee hee ee 0-7 3 
0- 0 0} 0-10 3} 1-8 8} 0-14 5} 3-4 16) 0-14 5} 0-13 4 
0- 0 0 1-0 7} 19-12 146 1-14 LA eee he a ea ee sesso bene ls 4-6 23 
0. 21 1.00} 1.29} 6.67) 7.67) 54.33} 1.58} 9.33] 2.97} 16.00} 0.88} 5.00} 0.94! 5.00 
102-10) 364) 175- 0 657| 54-12 207} 100- 2 375| 98-11 364) Bee eae 58- 3 205 
72-3 256) 107- 1 413) 59-9 238) 110- 1 330} 110- 3 380) 27-5 102} 25-15 91 
116- 9 431} 40-10 156} 115- 4 480) 83-12 B06 easel sane bala ns sealeeeeie 86- 4 318 
97.13] 350.33) 107. 56) 408.67) 76.52) 308.33] 97.98) 337.00) 104.44) 372.00) 27.31) 102.00} 28.40} 102.33 
BO moa NP) eee 
LOO ee ao. PASM ee ie 
Dy PAE cae S6lter es 
See VNB. Wile sesose|) URES os oe 
Se ae ee ee (ihe ae an 12 | Sele les a ssee Gece cers aiulleen ae 8 
bam ene Disses Ohocerstets le soesee Ue ratsiee 7) rae 14 sees 3 
Nee a5 D260 |eeren- = 4. 33)....--.- S158 | Pees es ea OOl enee. Beehieececce|, ahilGecsesad 5. 33 
35- 7 130} 118-3 448) 128- 5 473] 54-3 1 ht tee oct ese 39- 1 138) 9-0 34 
67-13 242) 121-1 454) 142-12 494; 92-0 BAD eo 582 Gel ee Seas 153- 5 511} 38-10 136 
67- 8} 243) 88-4 352} 90- 1 340} 55- 9 198} 86-13 264) 30-6 106) 16-13 61 
10- 8 40] 18-5 70} 73- 4 271) 121-11 Ct (A 201- 6 764, Q- 2 1 
36. 25) 131.00) 86.45) 331.00) 108. 59| 394. 50 80.86) 294.25} 86.81 264.00| 60. 59] 217.00) 16.14 "58.00 
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Taste I11.—Deiailed statement of the annual performance of 25 representative lemon 


Rankin Table I, strain, 
grade, and season. 


26. Lisbon strain—Contd. 
Tree-Ripe grade— 
AQIS 1 42 es 2 ae eee 
1914-15... 2 


Averages 22 S- 


Cull grade— 
191371 Fosse ees 


AVETASE Se eee 


Total crop— 
1919-14 tos Sasa 


Average seeds per fruit— 
1913 14-2. eee 


29. Open strain: 
Green grade— 
1913-14. 


Average 
Cull grade— 
IGIS 14ers ee 


19S AGE ee ae ae 
1OIG Ais eee 


Average 


Total crop— 
A913 214 ee ae 


OID A eee k= ae 


Total. July. August. |September| October. |November. 
: 3 E 3 E B 
=5) ~ Ss ~ Ss » ~ 5 » o) 
S)/e/Ble/B/e/S/e81/B 18 121 Be 
(<>) 3 (<2) =) Oo 3 t3) 3 (>) Ss (<3) 3 
= Zz Be ah ee zt pia i ee rea 
9329) ay tlio 5) 0-10 3] 0-10 Bical ee. 
346] 2-1] ll o-0 0- 4 1) 0-03 1) 0-0 0 
244, 12-10 51| 3-15] 194-3] 23] 4-9) 2415-31 25 
259) 4-6) 22) 1- 2) 7| 0-12 4) 0-8 Do Glen 12 
55.47| 235.50| 5.30| 23. 75| 1.53) 7.75| 1.42] 7.75| 1.47| 7.50] 2.59] 12.33 
4-0 | 1-2| 10] 0-3 1] 0-2 1| 0210) same ea se. 
14-0 74) 0-12 5] 0- 0 0) 0- 8 3| 0-4 2) 0- 2 1 
22-1 123} 3-6| 162-5) 1213-6] 231 0-0 0| 0-10 4 
44-3 313] 0-12 3] O-11 3] 0-10 5| 0-0 O|o-5| 4 
21.06| 134.09! 1.50! 8.50] 0.80} 4.00] 1.16] 8.00) 0.22] 1.25] 0.35] 3.00 
26; 2- 6 OS oi < Sil aa | 


1,663] 18-10 73] 6- 7 
3,007; 10-15 49) 7- 4 28) 9- 6 
2,211) 51-1) 196!22-11 
2,289] 18-15} . 80] 5-7 


\2, 292.50! 24. 83) 99. 50/10. 45) 43.75| 6.20 


39} 41- 2} 152)45- 7) 164 
51] 10- 2 44/99-15 90 
20) 7- 2 20) 8- 9 39 


29.75) 17.98) 69.50/25. 65] 97. 67 


tee 9°07 | oS Rela ee eee, 
Feralas. Die 7 pea oem Ales 0 
aoe 9. 70\-22 | BY A= ghee a le eee Re, 
a ee 3.00|..... eon BY meee re ee ae 


1,310] 82-12) 306)19-11 78} 1-10 
1,157) 17-15 64) 5- 5 20) 5- 0 


1, 554. 50} 33. 67|124. 00/11. 05) 44. 00) 3.69 


220) 2-12 13] 0-14 4) 2-0 
736} 2-12 14) 1-0 6] 3-12 
334| 17- 2 69) 8- 7 37| 8- 9 
552} 3- 0 18] 1- 5 6| 0- 0 


460.50} 6.41! 28.50) 2,91) 13. 25) 3.58 


| 
| 


Of se 2 40) 3- 8 18 
18.25] 6.13) 29. 25) 3.95) 20. 67 


| 


Hila 
eae D0 eine |G Aa ros osees 
owe ad S12) SG © 33/8! Be) See eee 
fie! STS) 2e AOE ee 3| S226 

472. 50|..---. | 24.00)..... 4.00]... --- 


110/ 1-10 —-15| 1-0 Gd 2] aoa eed ea eon 
2101 1-0 © 6 3-42] ~s al = 8| - 3] o- ool nes 
321| 27-6, 132| 7-14) 43} 9-19) 63] «1-5 7| 1-0 
730| 1-11! — 80-7 3] o-14| 5] O-8 Blgegal Gon 
355.25] 7.92 40.25) 3.27] 19.00] 3.06| 20.75} 1.81] 12.25] 1.12] 9.00 
——— ad 1 _—————— 
2,110\ 25-5 9919-41 80) 7 i. Mt vo} oo 
2,917| 16-13 75 6- 9| 381 8- 7| 39/25 5| 10019. 7| 73 
1,965\127- 4 507,36- 0| 158/19-15} 111/15-5| 7alis- 2] ~ 82 
2, 489| 22-10 90 7-1| 2915-14, 23/15-2] 65| 9-9] 49 
2,370. 25| 48. 00 192. 75/17. 22| 76. 25|10. 33] 53.50| 18. 19| 81.75/15. 56| 68. 00 


OS S335 iN leiee alle eee 
Teseese Al Nae 5 
oles see Glee 12 
3|Sees CM rin 0 
2h 20) eciea 3. 75)..--- 5. 67 


Oo w 
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trees of the Lisbon variety for the 6-year period from. July, 1913, to June, 1917—Contd. 


December. January. | ebruary. March. April. May. June. 
a, mw mo ~ . I he oh = ~ mM 
ee Oo ~~ a ~ oO ~ [-3) ~ oD ~ oOo ~ oO 
a 2 q Q q 2 q Q q Q | Q q a 
2 g 5D g ae q ( g =) q mt q ay g 
o C) o @ \D 4 ic © 
- Z E va E i E i - Z = Z E Zz 
2- 3 ll 0- 8 3 4-5 16 5- 0 15 1-9 7 
3-15 15} 17-4 69} 18- 0 69} 20- 2 80 5-10 23 
5-11) . 26] O- 8 2 1-0 6; 0-0 34 4-8 20 
0-12) 4 2-7 10) 49 18 7-10 BD od ESceese 34- 3 149} 0-0 0 


2. 51 11.20) 5.17) 21.00) 6.97) 27.25! 8.19) 31.75) 3.56) 14.00) 9.47) 39.71 2.92) 12.50 


| 
| 


0- 6 3} «40-0 0} 0-15 £10 O="6 DS Soe a oer O- 2 1} 0-2 1 
1} 1 1— 5 6) 4-7 2 2- 6 ll 33h heel bee toee 2- 6 13} 1-13 9 
O- 9 6) O41 4, 5-14 33] 0-9 a4) SLL Ei} Aa 12; O07 2 
0- 4 Bie LoL} 15} 14-0 105, 3-0 23) ses i Remeae 10- 2 54) 12-10 99 
0. 25 2.40) 0.95) 6.25} 6.31) 41.00) 1.58) 10.00] 1.69} 8.00) 2.17) 11.43) 3.75] 27.75 


38- 0) 144} 118-11 451] 133- 9 493| 59- 9 HAM ined i | Mera e 42-12 154] 10-11 42 


71-13) 258} 139-10 529) 165- 3 585) 114- 8 LST Mee Seeley ao 176- 0 604) 46-1 168 
73-12 275| 89- 7 358) 96-15 379} 56- 2 201} 92-1 286) 41-3 152) 21-12 83 
1l- 8 46) 22-9 95| 91-13 394) 132- 5 (IESE Spee eeaeaee 245-11 967; 12-12 100 


39.01; 144. 60| 92. 58 358. 25) 121. 88) 462.75) 90.63) 336.00) 92.06) 286.00) 72.23) 268.14) 22.81) $3.25 


ehaooe ie cases ih) Boe eee AC eases G0) Moee celle sounlboconpee AG ere 19 
Seba see il Soca AG emer TANS em eee OG) on hone|lbedeses|souccor 125 | eee 38 
ts bese WR cesecice Wl cecoues PAT See (pd ceence 213}. ------ Olah Saks 37 
pegdece pelea Milso-S258 164) ss SHS ec ssebleodeossllaaceaue 253]... ---- 1 
ae nai OOO Bem afemr| eee rOO anaes LOMO ae se a lel 470022 s--|) 2d. 00l5-—----|| 69. 29)0 02 2221). 23275 


See e 0 ils eras Ol ke sei Oi seeieiae Wes sracellescoos s|aecaces De Laces 3 
Re (eek Soe 1 Seep PAs aes We eter od| Bese een Heemase cl seoeeae 2 
Sears We+seace Z| eee WW contac Wieeee ose Woeoeo== Dhan hots 7 
ae Ue7kicsdsesel| “1eckiecscebs Ubtlesesteci * eéesécases Qiss-ccdsf ZEON eesecl) (8s 73) 


31- 2 116} 103- 8, 395} 173-1 624) 54-1 TG eee 52- 4 183} 20- 6, 80 
27-12: 101} 57-13 219| 73-1 261| 109-14 40S eee |S in 78- 2 283] 133- 5 465 
21-12 70| 48-1 174| 52-13 191] 53-0 182) 43- 2 141) 21-7 74, 9 5 33 
26- 2) 105| 13-7 53} 43-13 166) S1=15) >) 300\e-4225|/-- ee 104- 7 395] 0-4 1 
21.35] 78.40} 55. 70| 210.25] 85.69] 310.50| 74.72] 269.00] 43. 13| 141.00} 36.61] 134.43} 40.81] 144. 75 
2-8 11} 0-12 3) 20-9 7a 4—9 1S evans alles ita) ak ai) 3S] 3-7 14 
10- 5 40} 23-13] - 97| 24-5 93} 30-14 W290 eae | eee 30-12 135, 48-9) 201 
2-6 12) 22 11] 1-8 8} 00 0} 3-6 12) 11-7 44) 3-10! 15 
5-7 20] 8-4} - 40) 19-14 77| 18- 4 co: see Riese 53-15 251] 0 0} 0 


4.12} 16.60; 8.73| 37.75] 16.56] 63 75| 13.42] 55.75] 3.38] 12.00] 15.09] 67.00 13.91| 57.50 


0- 3 Zin L3G Gal 5} 1-15 ie et eee 1-12 127 0-9 4 
Cate. Soa) 8} «3-15 20| 5-4 Oo ereevais ai iatctal=v ates 9-12 55} 8-14 53 
0- 5 2) 0-12) 5| 3-12 19 eal re a a 22 lela 7} 1-6 6 
0-10) 5} 2-10 22| 21-1 136} 8-10 (Gay SoS Boleaaeose 51-10 287) 31-1 228 


0.34 2.60| 1.69} 10.50} 7.34] 45.00/ 4.25! 29.00] 4.00| 22.00] 9.22] 51.57| 10.47) 72.75 


33-13 129} 105-10 405} 194— 4 706} 60- 9 222 | ees |S z/cial-t 63- 8 240) 24-6 98 
38-10 145) 83-10) 324) 101- 5 374| 146- 0 OS 7 aeeccaa oases se 118-10 473) 190-12 719 
2a 84| 50-15) 190) 58-1 218) 54-3 189) 50-8 175) 34-5 125) 14-5 54 
32- 3 130} 24- 5 115} 84-12 379) 108-13 AAT rahe aie eel 210- 0 933} 31-5 229 
eae [ese Re Ree eee 5 


25.81} 97.60} 66.13) 258.50) 109.59) 419.25) 92.39) 353.75} 50.50) 175.00) 69.91 253. 00 65.19 275. 00 


Sauce Bocas Wiese abe MTS | Eo ticsee UAB eo eal tecioet 22] eames SZ lh pene 3 
Be eet UlKeadeaS 1b ee aes iC ate Deb fester Ase: =| MS ee at Ceiae ances 77 
Soneces OG) geese VAG eee 162)......- 162 eter HOS eee 38 |Epeeeee 38 
ssesese 45h 2-222. Ch aeers NOG |EGc ea IMS Io Stnells cose ds Bosecee 140 Cees 3 
Aap Soe 2A 20 ree ese OOKOO |= a oa | re 98a¢0|- <= 4| WSa2ol ec so) LOSZ00)2- = 2-2) 48 48ie soo. |) 30525 
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TasLeE III.—Detailed statement of theannual performance of 25 representative lemon 


Total. 


July. August. |September.| October. |November. 
Rank in Table I, strain, : H ; Hq Q H . Hi . ~ : me 
grade, and season. a 5 Be | Sea eWay alates sale lee ieee ee free arc 
Sy g ay | = q BD q ee | Bp q 
(<3) g oD t=} >) 3 {->) 3 i) 3 f?) 3 
Be ee een ee eee lh 
29. Open strain—Contd. 
Average seeds per fruit— 
HOV ST 4ia = oe cere | eter: 3.13].....- elecase BWessac 3| Steere 1 ool ese 
UOV4=15 Sa eee ace lees ee kilaqoans @ieeace Besos 4).....- Ieee 1 
LOVS=1G6 28. seth eepealeee eee DESO lee 10}. .-.. Slee Wier Alesees 3 
AW CRAP Cac sen- eee poeeee CE GMlececes 6.11)..... 3.44)..2.. 4.895. a2 PAA eae 2. 00 
39. Open strain: 
. Green grade— 
AQIS S14 oes 507-0, 1, 903) 23- 1 82/10-15 41) 1-9 6| 6-5 Pe RAE ae eee 
1914-15 lo eee ee 8 462-15} 1,680} 21- 0 85) 6-1 26) 5-12 25| 3-7 14] 8- 6 30 
TG NG eee Sa oaon 245-12 880) 57-14) 212)14-10 58] 4—- 6 17) 2-7 9) 1-11 6 
UOVG= iF o ace ee aes 358-12} 1,330] 8-12 36) 8- 2 30] 4- 4 16} 5-3 19]10- 8 41 
FANNY) Sas sasSooe 393. 61/1, 448. 25] 27. 67/103. 75) 9.94) 38.75] 3.98] 16.00} 4.34] 17.00) 6. 85} 25. 67 
Tree-Ripe grade— q 
AQIS V4 eR seas 63-12 286{ 1-3 5| 2- 8 12| 1- 3} 7| 7-10 A Sates [bees ol 
1914215 2s eee 209-11 881} 5-9 25) 1- 8 9} 3-13 21) 0-9 3| 4-12 26 
1O15=1GE Se ee oe 75-10 352) 24-11 101) 4-12 22) 18-7 89} 8-5 52| 4- 0 21 
LOLG=V eee eee 87-13 381} 3-1 18} 1- 6 7| 0- 0 0} 10- 2 43) 4— 4 22 
Average......---- 109. 22} 475.00) 8. 63} 37.25) 2.53) 12. 50) 5.86} 29.25] 6. 66} 35. 75) 4.33) 23. 00 
Cull grade— 
WM ee so ochescnecs 16-14 120) 0-14 8] O- 2 1} 0- 3 Wy 763) pi eve Sele ees 
O14 15a ke ee 41- 6 241) 1-10 9} 4-6 26) 2- 8 16] 0-0 0} 0-13 6 
IDIGSIG> Segoecoseses 54- 8 327| 20- 3| 105) 8-8 69/13- 2 80) 1-6 9) 1- 2 9 
NOVG SUT ae Rete 95- 7 596] 1-6 8] 0- 8 3] 0-10 A4| 0-0 0) 0-12 6 
Average ...-......| 52.05) 321.00} 6.02/ 32.50) 3.38} 24.75) 4.11) 25.25) 2.14] 15.50) 0.90) 7.00) © 
Total crop— F anon 
LOIS 14 ae eee aes 587-10} 2,309} 25- 2 95/13- 9 54| 2-15) TE PALS OA RY al eee 
ON 4R 15 ee cae 714—- 0} 2,802} 28- 3 119}11-15 61/12— 1 62] 4-0 17/13-15 62 
LOWS 1G Se ee aoe 375-14)  1,559)102-12} 418/27-14)  149/35-15} 186) 12- 2' 70) 6-13 36 
TVG eee ee 542— 0} 2,307) 13- 3 62/10- 0 40) 4-14 20) 15- 5 62/15- 8 69 
Average ......---- 554. 88/2, 244. 25) 42. 31/173. 50/15. 84| 76. 00/13. 95] 70. 50} 13.14) 68. 25)12. 08) 55. 67 
Variable fruits— j ‘ 
OTS 14 ois a ee ese ac eee ASM eee Iel S25 se jiseeae Oe ee Oe Ss anos 
LOMAS 1b ase ae c aes S20 aes 2A ree Bl eos ise 7) ee Lee 2 
(RO epee Naame alla sceee 600) ..-.-- 63) a= 22 eee A eee Opes: 4 
LOUG HUT See eee GAO|PEe eee 39 Sane 10)...-- tal ses | aes 22 
IAVOLABO Sassen cose lese nee Ae (By =- 562 36. 00). ...- ChaWlesec- Shall esenee WLU oskoe 9. 33 
Average seeds perfruit—|—___ f 
DOVS LA 2 oa al ane 3590) seen OSS Sees Deo ee 1 lahat aa 
I Ua ee eget OHS ee 6. 00)... .-. Silesian Blaseec GE ae Ae = 6 
ONO oe aeGocodsssaleesase Sl semese 5 lasaee Ble Alreee ee Gee 6 
AVOEGIecsos250ce)|02.45- DPN oc cote 2578 ene Ando |beee A 22 hice 2 3.75): 2. - 6.17 
50. Open strain: Pxeagaere || airakors| Spee | leeemeaael 
Green grade— 
LOTS= 14M 28. Lee oe 411-13 1, 552) 10- 6 36 |10- 6 42) 3-13 17), 40 ILA asec Sauer 
OM 1b Eee ae 411-10 1,540} 18- 4 77 | 4-1 19] 2-1 9} 5-9 23/10-10; 41 
AQIS=16\ 5. 252s 280-7} 1,013] 35-15) 140/19- 1 74} 0-12 3] 1- 4 5| 1- 6 5 
LOG =D sea ee ees 324-11 1,242) 14-15} 612) 0-12 11| 4-12 17} 5-4 18) 2-13 12 
Average ....-..-.. 357. 14/1, 336. 75] 19. 87) 78.50) 9. 06} 36.50) 2.84) 11.50} 4.01) 15.75} 4.94) 19.33 
Tree-Ripe grade— j Farce ic Pa 
1913-14 86- 6 375) 1- 4 6} 1-11 9} 2-0 13} 5-11 Sol eee |eare see 
1914-15 232— 3} 1,014) 7-7 36] 1- 0) 6) 5-15 30) 1-7 8) 0-14 4 
1915-16 73-12 363] 13-12 57/11-10) 58] 6-10 33] 11-12 70| 0-13 5 
1916-17 94-11 446) 4-14 28] 1- 2 7| 0- 4 2) 14- 5 62| 7- 3 35 
Average.........: 121.75) 549.50) 6. 83) 31.75} 3. 86] 20. 00) 3.70) 19.50) 8.30) 43.25} 2. 96) 14. 67 
Cull grade— =| a 
1913-14..... SMa E eee 19- 6 149} 0-6 3) 1-2 6| 1- 2 9} 6-4 34 eet |Roce ae 
LOMA Pore! cee 45- 0 265} 4-4) 27 | 2-13 21) 1- 9 11) 0-8 4| 0-12 5 
LOVG=1G 2-2 aise 53- 6 325} 17— 9] 108 |11-13 62/10- 6 64, 1-0 9) 1- 8 14 
1916-17252 Ss «../102- 3 685} 2- 8} 13) 0-5 2| 1- 4 8} 0-14 7| 1-3 9 
AVOEAPRO 6-2 c2-s62 54.98) 356.00} 6.17) 37.75) 4.02) 22.75] 3.58) 23.00) 2.16] 18.50] 1.15} 9.33 


ery 


BUD VARIATION IN THE LISBON LEMON. 


ol 


trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. January. February. March. April. May. June. 
= u ; : Be rr ; 1 re : rr 
P=) 3 5 a =] r=) =] Ss =| Ss 5 ra) 5 3 
Bo F ‘Bp g ) A | & E Bp g | 3 | 2 E 
[-) g i?) oO =| 9) DO [8 oD 
e Z, E Z, E Z, E 1, E Z, E Z, E Z, 
ete, eae rl Saeeees Bigeeman ules eeiyi SS) Alb 2gae2: 2 
aa pigaere Bin nate oe Pa algesaes. 6 
er Aire Slices Risoes! alcatel Laatesees. 3 
Boar, iG na Se ee eae ping | Geeeesl Megioaltc i.) c| 7d eeks|. a8 
25- 0 94 85-6]  336/ 176- 8| 632 Beale ve (e tt | 64- 5| 246] 21-6 84 
26-3 96| 24-12 94] 73-2] 257 Dor lime ©. li wegen 151- 4| 534| 81-0| 288 
9-14 34] 25-0] 91] 36-12) «133 94] 34-8] 118] 21-14, 76, 9-3] 32 
22-13 39] 12-8 49] 90-2| 335 Ei Los apa aa 112-9| 410) 0-0 0 
16.78;  62.60| 36.91| 142.50] 94.13] 339.25| 66.52| 246.50| 34.50] 118.00! 50.00! 180.861 27.89] 101.00 
Bg 30. 4-9| 191 15-3 Er cea eae 92.6115, MaTea=tolan 16 
14-2 53| 30-0; 120| 28-3/ 109 Tas eee demas 52-14, 232 32-2) 138 
O26 2) “0-15 le Ot Sy at eer eal ne a 8 
1-8 mien o=/ols)) S10l) 1420 ro CSetaag edie a 34-11, 152] 0-0 0 
4.28} 18.40; 9.38] 38.50| 14.59| 56.00| 16.501 67.00| 4.31] 17.00] 14.881 65.00| 9.36] 40.50 
0- 6 4) 0-12 3) 2-12 TOC leh sol 22 0-3 2 
0- 8 3] 1-15] 121 6-12 Ol ehen Maat 13-0| 79) 4-8] 
0- 0 | 1-11 9 3-2 nleep=ralmaecitl| laid 71 1-9 7 
0-15 So age! 8) 23-5| 157 cae eR eee 37-0| 189] 25-3] 181 
0.36, 3.00| 3.41/ 8.00/ 8.98] 56.50| 2.92] 18.75] 2.18] 11.00/ 7.75] 42.43| 7.86| 53.75 
30-12) 128] 90-11; 358] 194- 7/ 705 Taxa tea eae 76-111 309] 25-5| 102 
40-13) 152| 56-11; 226 108-1) 401 Ga ee eo 2i7- 2| 845| 117-101 451 
10- 4 36| 27-10/ 105] 40-14| 156 97| 41-0} 146) 30-6] 113) 12-5| 47 
25-4| 104 15-12) 67| 127- 7] «545 A0G Reena. ane 184-4) 751/ 25-3] 181 
21.41/84. 00| 47.69 189. 00| 117. 70|. 451.75} 85. 94| 332.25] 41. 001.146. 00| 72. 63| 288.28/ 45.11) 195. 25 
tee lL oa eae ge cai Ma ToT ee ee tH ogi aac ace ae 
ee ie el aan ela eae TAL clea oe | ena (eee (75 tea bam 
eee Saeco fae Sale sore a0 SAME el.) caghe order at 
ety: || VU Ga [aaa ag elle edbanl loge 33 FAT el hak mE ae 11 Ne 0 
oe: THlnG Manian liezolaol le enlitiE.so Ta... ol) OA. G0 wueeneeteae | bane 
= ke Glewaoe SEN sa Al Sle 5 Seal Sea ee glee: 4 
ea rhe ae (Ahattins ce fine ti Pipe gee Mei 8 
isis Gs a rie ae Gliese Sie me « Blea 5 
oe Pian pene ty ti seein 7 4a GSI ac cael UC eae na oe Lee 
6- 4 24] 55-15|  220/ 147-10/ 529| 59-4) 2291... |... 84-11, 322) 29-8 116 
95 34| 55-2| 211] 57-13/ 209] 64-12| 241] 90- i] 3é6l.......|......- 85- 0| 310 
iol 47| 37-7|  135| 30-3]  112| 41-13) 145] 40-2]  141| 36-4; i27| 22-3/ 79 
10- 5 Ai ensegsi ete rss|es='Gl 996] 7o= 1] omnoog bes acl es oe 137-14] 525] 0-0 0 
7.99] 29.20 39.36| 150.25 73. 41| 269.00! 61.22] 227.75] 69.59| 253.50| 51.76] 194.80 34.17 126.25 
0-0 Gee toe woh eadtol | 137/38 <4| meee ame |e pee 21-10| 92] 11-6 50 
7 6 28 98 3| 116 13-10  55| 52-3/ 205] 88-2]  408|.......|....... 26-0 ©6118 
8-13 Ales es sacsoal | 12/020 | 1-3 Bl agi 20|- G2 8h. . 28 
1-10 8| 1-12 Gee cheng 18h 75 tla sole ealeren s 49- 6| 236] 2-12] ~~ 12 
3.56] 15.40 10.08] 45.00| 13.75| 55.50] 15.63| 62.00] 44. 65| 206.50/ 15.16] 69.60| 11.66] 52.00 
0-5 3] 0-15 | eee Re OST ai] ou ees (iol) 2 isl ane 5 8 
0-10 Fn OerO lines hong iglio* oR] ig a| umn gale staliemeerOl. fc cs. a-14| 35 
1-13 10, 0-14 gs) 2-2] 14| 0-12 Al ea CS iiifaeeein gi 2-8 12 
1-8 ll) 3-0 24| 22-9 168} 11-12 SP bn eee ere beens ‘41- 6 231] 15-14 130 
0.85]  5.80| 1.84| 13.50| 8.56} 59.00; 5.83| 37.75] 7.44| 40.50 8.84] 50.40/ 6.14) 46.25 


ae BULLETIN 815, U. S. DEPARTMENT OF AGRICULTURE. 


Tasie III.—Detailed statement of the annual performance of 25 representative lemon 


Total. July. August. |September.| October. |November. 
Rank in Table I, strain, ie i ne i & He ie oI ‘ He ; Pa 
grade, and season. = = s 
2) |S /E/S/e1S/8 1B le/814 
{>} 3 oO 3 ®D | ® 3 {cb} 3 oO is} 
= Z eel fear ial ==enipeee—ge Le pce fp est dite sae 
60. Open strain—Contd. 
Total erop— 
1OISSTARY ea eee 517- 9| 2,076) 12- 0 45)13- 3 57| 6-15 39] 15-15) 104)... __|..__.- 
19145 ieee eee 688-13) 2,819) 29-15} 140) 7-14 46] 9- 9 50} 7-8 35/12— 4 50 
LOTS GER oe eee 407- 9| 1,701] 67- 4; 305/42- 8} 194)17-12/ 100} 14- 0 84) 3-11 24 
TORG Mie ance er eres 521- 9} 25373) 22—- 5} 102) 4- 3 20) 6- 4 27| 20- 7 87/11- 3 56 
peAwrexay eae enee 533. 88/2, 242. 25) 32. 88/148. 00/16. 94) '79. 25/10. 12) 54. 00) 14. 47) 77.50) 9. 04) 43.33 
Variable fruits— 
AGU SED Aer) es oem see ee 250 |e erer=t= Oleaaas Ose Ole ose OSes sibaceee 
TOS e eee See sibs oake 22.0 | eee 23 Benes Alcea scars Olesee 1 
1915-16.......- panes uD Cease (03 See o|pssce 14 aU eer Oe 1 
WQVGA 7 Se Sle a ae O13 Rees 53]... -- 7A aeareas Be caowe Slee 5 
JAnvieray eyes ser seer 438. 00|...--- 26. 75)... .- Oso | pee 150 eee 725 (0) eee 2. 33 
Average seeds per fruit— Sea ea 
OTST Apri a oe We aie Seqetiees AWi\-cos6e 6a Meee DAs ete Deter |e Belle 
AQ VA= Sr Sie pee Se BRO 5.30). 2) =. - Blosaet Aes 4) cease PA ie Ba 4 
1LOTS=16 BSS oe | Seer Bil cocee B)ic-oye,2 to) Pee Glcseae.: Gisesias 6 
Average. <. (522 5.cace--- A LOA a Lees Aa ie ee lee 5.44)... .- As Dies ase a4 4 ees 5. 00! 
57. Bullstrain: 
Green grade— 
WOU AE TG Se eer ee eee 620- 8 2,201) 1-8 Wen sas (4) |29-15 113}120- 2 422)57- 0. 199 
VOUSRNGs See Soran 419-10 1,537) 9-1 33] 3-15 15} 2- 1 7| 3-0 11]17- 7 61 
POUG=HN 7 eee 321- 9} 1,132) 7-6 28] 1- 1 4| 3-11 12} 31- 6} 107/49- 4| 170 
ASV ETAZE See sana 453..89]1, 623.33) 5.97) 22.33] 2.50| 9. 50/11.89] 44.00] 51. 50/180. 00/41. 23/143. 33 
Tree-Ripe grade— sees ce me 
LOVES bik ae aes 55- 8 219; 0-6 Pd Sag (?) | 0- 6 2) 0-3 1] 0- 3 1 
a ar Gees ails i ect 69- 4 322) 1- 4 5] 2- 8 14) 4-4 23| 1-7 7| 0- 7 2 
TOUG=E 7 Lee ee 28-10 130| 4-6 25| 2- 2 14) 1- 0 5| 0- 6 210-8 2 
Average......-..- 51.12} 223.66} 2.00) 10.67] 2.31] 14.00} 1.87] 10.00} 0.67; 3.33] 0.38] 1.67 
Cull grade— a ae es 
NOVA 5 Rares: pte ane 7-12 47| Q- 2 Ty, ee @) 10-9 4; 0-8 3] 0 0 0 
OLS S16 Rae sees 18-15 115} 012; . 4| 1-4 7| 0-13 7; 0-0 0} O- 0 0 
LOLG WANS ee ae 32-13 200) 1-8 11; 1-8 9} 0-13 6} 0-0 0} 0- 0 0 
AW eT Ag em sane see 19.83] 120.66) 0.79] 5.33) 1.38} 8.00} 0.17] 5.67] 0.17) 1.00) - 0 0 
Total crop— ey ae ie seal ee zk 
NOTA 5 oes 683-12; 2,467) 2-0 Diese (4) |30-14) 119)120-13|  426/57- 3| 200 
OVS 16ers 507-13 1,974) 11- 1 42) 7-11 36} 7- 2 37| 4-7 18)17-14 63 
VOUGST A oe Sys 383- 0} 1,462) 13- 4 64] 4-11 27| 5- 8 23] 31-12) 109149-12; 172 
Average\...-.----- 524. 85/1, 967.67) 8.77) 38.33) 6.19] 31.50/14. 50} 59. 67) 52. 33/184. 33/41. 60/145. co 
Variable fruits— ie Pa pares mae a 
UD a Sata a se yeiet a a | 786|....-- Tito Ohess OU eGac eed eae 53 
NOT STG eee ge as Pence 1, Pr oe 1 | ene Oe Olean Serene 40 
POUCH listers cists eee 195 aes 28|...-. Slice Siboere (Al ee 120 
everiges- i oe eae 944. 00|......| 16. 67|..... ery iaeee 10033 eee 67.67|..... 71.00 
Average seeds per fruit— me : 
OUST Siete ese 2: 89le 22s See @yigtete Cs Tt ian 0 
LOV5=16 sess bose tee BBs csces Slay Olen ese DIBEBeS Ge ear 6 
AV OTAGO ie aac nye Meter ae SUN css 5183 |aeeee OR: heals asooe 3. 50)... . - 3. 25 
59. Open strain: wie Vase an 
Green grade— 
ONS — 14s Shee oc 483-11 1,817] 22- 7 83/15- 7 59] 3-11 13) 4-8 Sees eee 
Te ee ES ean ae 481- 4 1, 728] 23- 5 94; 1- 6 6] 1-11 7| 14-12 56/29- 1 105 
LOTS UGE a one 257- 7 926] 44-10 157/17- 0 65) 6-15 27| 5-12 21) 4- 6 16 
TOUG V7 oda) as ~- -|243- 1 930} 10-14 44) 6-11 25} 0- 9 2) 4-2 13] 6-15 27 
Average.......... 366. 36/1, 350. 25] 25. 31 94. 50 10. 13] 38. 75] 3.22) 12.25) 7. 28) 27. 00)13. 46) 49. 33 


1 Fruit picked in August was carried away without being recorded. 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. 
i r 
=] o 
|: 
of g 
= Z, 

6- 9 27 
17-5 67 
24-11 98 
13-7 60 


89- 7 314 
52-13 185 
61-10 220 
67.96) 239. 67 
8-10 31 
1-10 8 
1-13 7| 
4.02) 15.33 
1-14 10) 
1-0 7 
0-3 1 
1.02 6. 00 
99-15 355 
55- 7 200 
63-10 228 
73.00; 261.00 


52, 
81 
76 
62 
15.05) 54. 20 


137435°—20—Bull. 815——3 


73. 02 264.25) 65. 98} 249. 25} 28.44) 102. 00 


January. February. March. April. May. June. 

: i : fe ; u rr : re F E 

P| a BI 5 P| 2 P| a P| S re] g 

Bo i) i) .| & a= te ee en =| 

Sees { oeiaey oe fs ah Be Be te Oe 

= Z = Z E Zz = Zz E Zz = Zz 
61=10} 248) 185-15) 692) 65-21 268!_......|......- 108-1) 427| 42-3! 17% 
S514) 342 '77-"7| 292) 125— 2 Ag0/200= 11" 844]... -.22|_-.-. 115-14] 463 
43-15] 177) 34-9} 138] 42-9) 150) 43-5] 157| 42-2] 155] 31-3] 4119 
13-11 GSiers4—15|0 00 412) 6714 |eeAN ieee 228-10) 992) 18-10! 142 
75.76| 314.80| 51.97| 224.50 
ids 31 14 
PREG | BAe 49 
Ce 106) . 60 
ES ae 188 3 
‘perae 65. 00).------]| (31.20 
eae it es Ba 3 
tobe dle ae | eee 7 
ae aGee dyna 2 
eta: AS 50 |aen ees. ardnae 

| | 

107- 0, 392) 47-3] 167) 78-11 7bsy| Ie Sein) er 43-12, 150 
83- 4}. 331] 54-9] 212) 61- 5| 290) 78-15] 276) 22-2 77| 31-2) 109 
Seer 5h noid) netOO sds 5 fis PSG Memes (Sess ates Penal lod 24 3427) 118 
73.94) 279.33] 52.54] 192.67] 61.77] 219.00} 62.41| 218.00) 22.13] 77.00] 18.22] 62.83 
=== — _— et —— = — 
13- 1 50} 4-10 | OS 37) 18= 8) “A Ee EAS | eS 5 1) 22 
2-12) 15| 6-10 36| 0-6 OeeG= 3 23) 12-11 52 og= ol 135 
3-13 15) 1-6 5} 2-9 10a cena) ecees tee a eo 10-11 45 
6.54) 26.67| 4,21] 19.33] 4.15] 16.33] 9.84] 39.50| 12.69] 52.00} 7.48] 33.67 
0-8 2 1-6 8} 0-9 3) 1-14 CA Bea en eee 0- 6} 2 
0-10 3) Bae 144 2-2 13| 4-4 26, 3-14 22a 112 12 
2- 6| 13) 20-19} 196) = 7 Tir bs ect pee ele | Pano ete 44 23 
1.17} 6.00| 8.21) 49.33) 1.37} 9.00) 3.06] 20.00) 3.88] 22.00 1. 06) 6.17 
\— | = _ a | ————| — ; _——————t ——<<———— 
(et =19 | beeenr444 (e589) ten. 99 S8=19l ua a1 SiaeGl = dine 230 e/a 49-3] 174 
86-10, 349] 63-11 262} 63-13} 235] 89-6] . 325| 38-11) 151) 62-0) 256 
37-12, 1431 78-0) «3301 49-5] 180s... -|.-2- 2-122 -----|------. 49- 6| 186 
81.64 312.00| 64.96| 261.33) 67.29) 244.33] 75.31| 277.50| 38.69) 151.00| 26. 76| 102. 67 
iG steas es t50= Sle 5491 93 3\e) eadO\o en [ose 76- 5| 289) 27-6] 108 
AS 7 eeet6S| OS=23 lh 220 75-1 Olam o7Ohas sana le ee 138-14] 483] 65-13) 232 
S52 i IRs Bye |) 1S Set|| sige oeer/| a) See 39} 15-5 53 
42 TG]? GE GP SRE GES Oh Te ale eS 84-13] 315] 0-5 1 
40.42| 154.00] 73.02 | 44.45] 160.86} 27.20} 98.50 
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TasLE III.—Detailed statement of the annual performance of 25 representative lemon 


Rank in Table I, strain, 
grade, and season. 


59. Open strain—Contd. 


Tree-Ripe grade— 
1OV3= 4 ec. essere 


1913-14 


Average 


Total crop— 
1913-14 


AOUS=NG Ey ce eee eeeee 
DOUG 17ers 


Average 
- Variable fruits— 


1915-16 


Average 


Averageseeds perfruit— 
1913-14 


Average 


67. Open strain: 


Green grade— 
1913-14 


1915-16 


Average 


Tree-Ripe grade— 
1913-14 
1914-15 
1915-16 
1916-17 


Average 


Cull grade— 
1913-14 


Average 


Total crop— 
1913-14 


Average 
Variable fruits— 


1915-16 


Total. July August. |September.| October. |!November. 
reece | ee ae 
=| /S/el=lelislaealelaeileala 
2 3 2 3 © 3 2 3 o 3 2 =| 
E Z, eal eseea flee ee. iss) (ae 
Wa 344] 1-0 5] 1-15 9) 1-14 12] 9-10) 53)2..-.|_..... 

190- 7 778| 5-8] 28] 0-12 5) 3-10] 20] O- 4 1)40] 19 
103-13 476| 20- 7| 81} 7- 5|  33/23- 2] 106] 14-1] 33] 1- 3 7 
73-9 313] 2-4) 13) 0-5 2] 0- 3 1] 7-5) 30/1-9 8 
111.23] 477.75] 7.30] 31.75] 2.58] 12.25] 7.20] 34.75] 7.81] 41.75] 2. 25] 11.33 
15-10 111] 0- 1] 0-8 4) 0-14 AGEN Gilsacwelossune 
27- 2 151] 2-9| 16|/3-2) 21] 0-7 2] 0-6 2| 0- 2 1 
48- 3 264] 11- 6|  55|10- 4,  52\11- 6] 70) 0-10 4| 1-3 9 
38-10 571| 0-9 3] 0- 0 0| 0- 6 3) 0-3 1| 0-7 3 
44.89] 274.25] 3.69] 18. 75] 3.47] 19.25] 3.27] 20.75] 2.41] 16.00] 0.58] 4.33 
576- 7| 2,272| 23-11)  gg|17-14| 72] 6-7] 33) 22-9] 198)...._|_._... 
698-13] 2,657| 31- 6| 138] 5- 4] 32] 5-12) 29115- 6] 59/33- 3] 125 
409- 7| 1,666] 76- 7| 293/34 9| 150/41- 7| 203] 20- 7] 108] 6-12 32 
405- 4) 1,814] 13-11]. 60] 7-0| 27] 1-2 6] 11-10] 44] 8-15] 38 
522. 48/2, 102. 25] 36. 30/145. 00/16. 17| ‘70. 25|13. 69| 67.75) 17.50] 84.75/16. 29] 65. 00 
Sa 363| eee 6leces! o| eee Ol: Ossesleseee 
ieee 270 sete) eeSGleeoe Ose ieee Woaesah- ae 
see lesa: Colleesss (i esa <8 ST ees Sie 7 
Tia BO coast Bil\leseoe eaten 3 eel Qoscasl carn 
eae 453. 25|.....!.| 28. 75|..-.- BH oa 3: TE aceene TC ere 10. 33 
Bes 2).(leoasos rere bees ae oleae ill aye Nap ers 
eeee POM sca |S ae Aa Alans Geese 4 
cea ATM ne sae Sica Nascas Glo ene even 5 
Bag seecs 4533) 3a al aoa a) ai | Pak oo ees aes 0 
387- 4| 1,446] 20-15] = 71/12- 0| —-50| 1-14 SBS =10|eaeeS6laeees eee ae 
342- 8] 1,256] 13- 0} 55] 3- 6| = 15) 2-11] 11) 47] = 18] 2-7 9 
228- 5 833| 52-3] 194/19-12| 7812-9] 10) 3-5] 13] 1-8 6 
293- 7| 1,085) 12- 4 50/3-3| 12) 4-14). 18] 3-0] 11/3-6| 13 
312. 881, 155. 00) 24.59] 92.50) 9.58| 38.75] 3.00] 11.75] 4.88] 19.50] 2.44] 9.33 
108-14 489| 1-15 9] 0- 9 4| 1- 0 G| S10 etGSl see eee 
196-15 859] 5-11) 28] 1-10/ 10) 4-8] 27] 0-10 4)2-6| 14 
85-7 413| 17-10]  72/16- 5|  73/22- 9] 116] 5-12) 34) 4412| 27 
106- 0 469] 4-6| 24] 0-11 4| 0- 0 Oo} 8 2] 36/3-1) 18 
124.31] 557.50) 7.41] 33.25] 4. 80] 22.75] 7.01] 37.25] 6.53] 35.50] 3. 40] 18.00 
18- 2 130/ 0-1 1| 0-10 5] 0-14 ASO = Cl ta eae 
64- 5 384] 1-7 9) 2-4) 17] 0-15 8) 0-6 aloen7 3 
80-15 460| 27- 4] 148|17-14) . 98|22-12} 131) 0-14 6| 1- 0 8 
97-11 632| 1-10 9| 0- 2 i) 0-8 44 1-1 “| Bo Gh Da 
65.26] 401.50} 7.59 | 41.75] 5.22! 30.25] 6.27] 37.50) 2.61] 19.50] 1.31] 11.67 
514- 4) 2,065] 22-15]  81/13- 3) 59] 3-121 21] 28- 8} 166]...._|...... 
603-12| 2,499] 20- 2} 92] 7-4} 4218-2] 46] 5-7] 25/5-4| 26 
394-11] 1,706| 97-1] 414|53-15| 249/47-14]  257| 9-15] 53| 7-4) 41 
497-2} 2/186] 18- 4) 83] 4-0] 17| 5-6] 22/123] 54) 8-15] 50 


SS eS ee ee ee ee ee 


\ eae Olas 
MWecasr Olas 

PA = Dl ben stares 
Alssose Pee Siac 

6. 00)... -- 1.00)....-. 


Ue ooelloseose 
Assets 0 
3]-.---|- 1 
Wsoose 3 
50}... - 1.33) 
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trees of the Lisbon variety for the 6-year period from July, 1918, to June, 1917—Contd, 
December. January. February. March. April. May. June. 

: Ki ; °s : iu . Hu wa i ; Taal wage ee 

~~ Oo ~» 9) -—) oO » oo ww [-9) ~ oO oe oO 

P=] 2 a 2 a 2 a 2 a Rs a 2 =] 2 

Bo E ele | 2} 38 | 2 homie) oA Reba pe © lea ace gan bet: 

3 @ 3 A 5 

E A E A E Z, E Z, E Zi E ee E Z 
9- 2 51 2-10 11} 27-0 103; 11- 2 Bbw, selec wcesic 9- 0 39 3-13 16 
goad SiS oonO ela Tier aston 110|, 44—nolm eli 0 tem nee |b eee 36- 6| 157] 19- 7/ 80 
9-8 40| 4-2 92} 1-12 91 0-8 al Se 1) 11-7 47| 10- 2! 44 
O- 9 4 1- 0 5} 17-0 64| 12-6 HO ee. cal ae scree 31- 0 136 0- 0) 0 
5.49! 25.20/ 11.78! 48.75] 18.63) 71.50' 17.03] 67.00! 0.25] 1.00) 12.54, 54.14] 8.34! 35.00 
1-11 13 O- 4 2 0- 7 3 1- 3 Ce Ee! ae eam 1-12 12 0- 4 2 
o- 4 it), GS 8} 5-0 29), 3-4 Ae ae ae eee ee 7-15 41| 2-0 13 
0-2 1). 0-0 0| 5-13 34] 0-15 5] 2-11 i Bek 18) 0-5 2 
O- 4 2 0-11 6| 15-0 109 3- 2 DT eee oll ee ee 40- 0 211); 28-0 212 
0.46} 3.40} 0.75} 4.00 6.56} 43.75] 2.13] 13.00] 2.69] 14.00} 7.60] 40.29] 7.64] 57.25 
24— 7 116} 79-11 313] 177-12 655) 105- 8 A400 Sele eee 87-1 340) 31-7 126 
31- 4 113) 86-14 333) 96-15 359} 122- 6 463 |aashooe|saaceee 183- 3 681} 87-4 325 
32- 6 117} 39-7 154) 34-12 146} 40-1 143} 31-6 117) 26-1 104) 25-12 99 
16-15 68 5-13 27| 83- 6 358] 72-10 SL Ra a5 ee 155-13 662) 28- 5 213 
mon 00 82.80) 52.95) 206.75} 98.20) 379.50) 85.14) 329.25) 31.38) 117.00) 64.59) 255.29) 43.19) 190.75 
peach Oe 4 Sse es D4 ee ate WP aneoeee a Se ey Le oe Se eee Doles eee 9 
Sh) ey 9 eee Ch eeraate DAV ST Rees D4 ees oe cS Eee Bl aicla ace Ne Bee ae 41 
E ace kts 61 eee Lt Gees Sb Sees 1i4| seer Sais Same AOC Saase 5 55 
Eee S0l eases Aleit 140 | eee TI | Seen | [en | Sa Sa T54le see 0 
ete ONG (eee oo 00 | Sees S000 |e aeeess at GNOO|SeeeeeelS4O0lseseses 47209 |-aeees| 26225 
npg A bee CU ite as oA (ieee retort Ol eer elem eee en ain acer 4 
Efe ed S| Seasons errs Says qlee eee | ae crs ca eee ee [ee eects 8 
ealeees 0] eestaceath FY capitan 5 ge year de. Bie eeee ee Gas 4 
jereee ES Gee Seo eerie mor oO|e. ee oa MEAM(D|Bensmen|en) heSS| erence = | BRGY [Meise alm WIE aA 
g-4 S10], Gil @| TES TPES ON AO GS) DEB seo dlocacece GPW) SBN =) OE 
8-4 30} 27-7 105) 53-10 190} 57-12 DOW teehee 100- 8 359} 69- 0 254 
5-1 18} 18-7 69} 29- 4 108) 26-12 96) 31-13 109) 23-15 83] 13-12 49 
16-7 62} 14-3 55) 46-13) 172) 81-13 292 Ran ee | See -.| 107-8 400 0- 0 0 
| 760! 28.00] 27.86] 107.00] 64.45] 232.50| 58. 17| 212.75} 31.81] 109.00) 42.01| 153.29] 27. 55) 102.75 
2-15 19 8 3 34] 27-8 109} 14-14 (ye he ee Be eae 30- 2 131). 10- 2 45 
3-4 12} 21-0 87| 23-0 89} 24-0 810) | a ae eee A a 69- 9 308) 41-5 184 
2-13 13 5-12 35 0-12 5 0- 4 2 1-12 7 3-15 16 3- 3 13 
2-5 11 2-13 12| 10-14 42) 28-1 13 | emcee cee see 45-11 214 0- 0 0 
2.26} 11.00) 9.44) 42.00] 15:53] 61.25] 16.80] 68.75] .1.75]- 7.00) 21.33] 95.57| 13.66] 60.50 
0-13 6| 0-12 5) 1-12) 13} 2-6 EN [ani ol ed Fe ssc 2-4 144 0-8 3 
0-3 i a Sieza14 fg G2 ZUNE 3 Se oa ed 30-5| 177) 11-0 68 
0- 4 Zi 1-5 10 3-9 22) 0-12 6 2-9 13 2-2 13 0-10 3 
1-9 12 2-4 15! 20-0 136} 3-8 26 lieinceohe canst 41-4 225! 23- 5 173 
0.56) 4.20 1.42) 9.50] 8.30] 53.50] 3.69] 23.25] 2.56] 13.00] 10.85] 61.28] 8.86] 61.75 
12-0 55) 60- 5 238) 157- 6 582! 83-10) SOL at owe | cSncoee 94-8 376} 38-1 156 
11-11 43) 49-13 200) 84-8 322} 89-14 Dol eee otra, 200-6 844) 121- 5 506 
8- 2 33] 25-8 114) 33-9) 135) 27-12 104 36-2 129) 30-0 112} 17-9 65 
20- 5 85| 19- 4 SA Freill SEO THA Aer et Be decas 194-7 839] 23-5] 173 
10. 42 43.20) 38.72) 158.50} 88.29) 347.25). 78.66) 304.75) 36.13 129. 00) 74.18) 310.14) 50.07) 225.00 
SOs Sele 1 Saree aoe DY laeeeeees eo eee GO| Peer ae alectes non eee soe 22 ee 9 
pte Aerts bo soee U7 ee 2 17 ee 23) Suse gaa |seaeS ee 4 GOR SSesES 40 
Seacinies 4 ere ee 2 Glee sek OG | acces MOWERS sie a] eee Yi |s5sccer 50 
PasBaee ZA errs Lill eres ik egeccad 1G rere Ss | eee ae sisic ie ase 134) 5 scSce% 0 
sees QNGO|Ees eee: | 4208 00|B 22 Saar | 61. 50|es2eec|"* 88:-75| 2502-521 98500\.2.-..<| 415 71|2-2.. 2] 24.75 
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TaBLe III.—Detailed statement of the annual performance of 25 representative lemon 


Total. July. - August. |September.) October. |November. 
Rank in Table I, strain, : a 2 Hi Hi Hi H = 
grade, and season. 3g Ss = Ss = Ss = 8 = Ss = s 
= g sy q oe g Be | BO Ze q 
g = 2 5 © = 2 = S g © 3 
| Bh a Nae ee a al 
67. Open strain—Contd. 
Average seeds per fruit— 
Iie ay een eaismecallacesc BO aesece 7A |e ie Pd ees Blinesa5" ea eee Fe |e 9 
1994-15 Sa eae See eee 4.64). ....- 4)..... Alin oes po laeeae PA Eee 3 
. AQIS 162288 ee sincere GRBReseose ligeen- oleae Nessa ce Gees 6 
Awelagel 2 2caa-eon\aaeee= 4. 60)....-- 4.78) ....- Sb iislesss= el eee 3.22)... 4. 33 
75. Open strain: 
{ Green grade— 
I me Te a i a ee 488-13 1, 813] 20-13 63)/20-15 84) 0- 8 2} & 8 Oy ee ee (eee a 
} 19T4=15)o2 eco. 388— 5 1,399] 13- 4 54] 6-10 29] 1- 8 6} 15- 5 58} 8 1 30 
ieee Speasoeare 204- 5 785| 80-10}  335/19- 2 74| 3-13) 15} 0-13 3} O- 9 2 
1916-17... .. Eee 199- 4 744) 17-10 68} 2- 0 8] 2-1 8} 2-3): 8 O&O 0 
PAC ETA O: eae eats 320. 17/1, 185. 25] 33. 08/131. 25/12. 17) 48.75) 1.97) 7.75} 6.70) 25.75} 2. 87| 10. 67 
Tree-Ripe grade— ! : 
AOI SANS ene 60- 5 272) 0-14 4| i- 4 7| 2-10 16} 81 AD Re NSN raion = 
AGL 4a 15 ae 150- 6 638) 4-9 22) 1- 1 6] 2- 1 12} 1-0 6} 2- 3 11 
VOTS=16 See eeee cee 94- 0 434| 32- 2 135)13- 2 63)/21— 4 103; 5- 6 33] 1- 8 i 
POUCH = ceseeecee | 81-11 367| 7-3 37| 2- 0 13] 0-10 3] 8 3 37] 1-12 8 
IA VOTALC™ anes ae 96.59) 427.75) 11.19) 49.50) 4.36] 22.25] 6.64] 33.50} 5. 66) 29. 50 1.81 10. GO 
Cull grade— | peRRlE ae 
LOTS 1A ae 18-10 136] O- 8 4) 0-7 4, 0-8 4 12- 8 Oi eee lee ae 
TOV4=15 7% Sa Sas 2eeee 44-13 259} 1-12 ji) 4 5 26] 2- 1 13) 0-4 2) 0- 8 4 
1915-16 eee shee 70- 7|. 402] 24- 6] 126/14 3 78|17— 2} 108! 1- 2 8} 0-12 6 
VON G=h Secs eee 119-12 841] 3-10) 18] 0- 8 4! 0-10 5) 0-6 3} 0-13} . 9 
eAWVOLAL OS seee meee .| 63.40} -409.50] 7.56| 39.75] 4. 86] 28.00] 5. 08] 32.50] 3.56] 26.00] 0.69] 6.33 
Total crop— ; | 
NON V Ae een Ace 567-12} 2,221) 22-3 76|22-10 95} 3-10 22) 29- 1 Gere eee 
LOA oS elie aici ene 583- 8| 2,296] 19- 9 87/12— 0 61) 5-10 31) 16- 9 66)10-12 45 
11S Gee ae aes ee 368-12 1,621/137- 2} 59646- 7) 215/42- 3) 226) 7-5 44] 2-13 19 
DGG SWiemetee ee ee 400-11 1,952] 28- 7| 123) 4- 8 25) 3- 5 16] 10-12 48) 2- 9 17 
INVGTARO eres ese 480. 17/2, 022. 50) 51. 83/220. 50/21. 39) 99. 00/13. 69) 73. 75] 15.92) 81.25) 5.37] 27. 00 
Variable fruits— ; 
Ay et eg oe Pe aii 36s eaeree 10 |e Olea: Oe AO eee 3 
gb) BT a eae eines nse) seal PR PAY aso Toles Ser Bi eee Oye iL sees 1 
1915-16 perso soe |iae seers A Reo Helene Ub es ,, flpesaoe (0) ees 1 
WONG ease come. eee ANT creer WMileosee De sae ail Seapets Ol eae 1 
A VOLage eee ana eceiee 348. 50 BOs 00 eee Deo eae ee 2.002 eee ne 2.50}... 2. 1. 00 
Average seeds per fruit— 
TOUS = 14 eS Sse eee O02|Seeae Areas 
A OWA—15) Nacsa lo gaa Seen Aish 2 lees Oleeaac 
TOVS—1GH eee. te oeleseee GEA Si eae 
IAN RTOS Ook eer a eee AT oe Susoleeeee 
76. Lisbon strain: 
Green grade— 
LOIS 14 rate 5 Sersetenise 454— 0 1, 689] 23- 3 80/12-12 52) 2-10 10) 9-12 Al eerste eit 
1914 tek = seen e ae 465— 6} 1,670) 17-14 73| 5-10 25) 1- 7 6} 12-15) 50/18— 4 66 
LOLS — UG Siers eee 234-14 846} 45- 9)  168)17-13 73) 2- 4 9) 4-4 16) 1-1 4 
DOUGH Ge aye oj. eisai 247- 6 921} 7-15 35) 3- 0 12) 2- 6 9| 4-0 15) 3-11 15 
BAWCTASC eee e eee 350. 41/1, 281. 50} 23. 64; 89.00} 9.80} 40.50) 2.17} 8.50) 7.73} 30.50} 7. 67| 28.33 
Tree-Ripe grade— i f * nea 
AQIS SIA ee wctnemcic ee ’ 56-10 264; 1-10 7| 1-1 6) 2-14 17} 6-10) Sol eeee sens 
191415 siege eee 166- 3 699} 3-0 15] 0- 9 4) 1-3 6} 1-0 5| 6- 1 42 
LOIS —1G eres ceeee ee 64-11 297| 13-14 56/13-11 62| 8-11 44; 4-14 30] 1-13 il 
UIE one ses 83- 3 370} 0-12 4) 0-8 3] 0- 0 0} 5-0 22) 2- 8} 14 
Average.:.-.-:..- 92. 67| 407.50} 4.81} 20.50} 3.95} 18.75) 3.19] 16.75} 4.38) 23.75) 3.46} 22.33 
Cull grade— i Sonia a ial 
a RSG be a ee ne ae 11- 8 81) 0-9 3] 0O- 7 2| 0-10 5} 3-12) CUE sees 
MOU4 15 Fiano ose. ‘27-11 151) 1-3 8] 3- 7 22] O- 4 2| O- 7 3} Q- 2 1 
1G Bp oomeasoee 43- 0 230} 12- 7) 59/10-11 56] 6- 5 38} 0-15) 9) O- 5 3 
191G “Ve ee dae eee 62-13 441) 1-4 6} 0- 0 0} 0- 0 0; 0-0 0) 1- 2 14 
AV CVALE store = stow tein lee 36.25) 225.75] 3. 86|.19. 3. 64} 20.00) 1.80} 11.25} 1.28) 10.50) 0. 52) 6.00 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. January. February. March. April. May. June. 

re : : Rina i? % ive 3 i ‘ 

~ ao ~ . © ~ a ~~ oO oO @ = (+3) 
Sb ir Sp ir 3) 4 } q E 7) # Sp E 
‘oO 5 ‘2 Ei O° 5 ‘@ EI ‘2 | 2 
See |e | le | |e Se Eme ae oe 

BAe oe digo pepe | eek Whe sl mca? Ol eteet 4 
Sie san re alae es Ae pasa Bib Mee ul 
se Ato ees sas rls aaa 4 
a ha PS liao ee 6,00) ne. EH eases apy Mares 6.44 
AS7=AS| 4) GUM GFN Tn shele ee |cjne. 63-3} 237| 26-15, 108 
Borsa) O14), 4aerelan eldest. lee 118-11} 414] 52-15] 189 
11-14 45| 18-1 63; 22-13 79, 10-9 37| 16-2 58 
20-14 Waly Ble 2 tole | 105-0| 394, 0-4 1 
| 70. 30| 253. 75| 49.33) 181.25] 22.81) 79.00|° 42.49] 154.57) 24. 06| 87.75 

7-10 40] 5-4 P| oe Suz BI Leal Daleagnist, oleate ys 14-19) Gales) 2119 

7-11 29 23-9 95| 15-6 59 19-8 Tlie une 43-1| ~ 187] 30-5) 134 

1 9} 1-2 miecteng 6| 0-0 o| 2-5 GI fo= 0h oh euncenO 22 

0-3 ih sibel 5| 7-9 93) 21-11 ClO) ae aa are ae 31-8 145] «0-0 0 

3.51] 15.80| 7.73| 32.00| 8.12| 31.00| 12.06] 49.00] 2.31] 9.00| 14.05! 61.57] 9.92 43.75 

1-6 8s} 0-0 0; 0-10 3] 0-13 ele barca ata Ak 18 13/ 0-6 3 

0-4 A) nS 9] 3-5 18} 5-10 ola | nade Plo} 1 GDS GUIs bt 

0-3 2} 0-8 Aoi ole agri ig 6 1-12 (ite D1 Viele 1259) 9 

1-6 g|. -24°6 10) GAN) DOI Ogle rE tee 49-0} 283] 25-13) 217" 

} \ 

0.56, 3.80/ 1.17] 8.00) 8.83] 63.50| 4.20] 28.75| 1.75] 11.00| 9.87] 57.57/ 9.23] 70.00 
21-1 Beno Ue 280 19710) 713| 101-10] © S87\o0... le... -.. Ge Cie seh Ub 
39-10 fat OUI gt O37 3/ > 2OT), “GO, S|. e 270lgae |e 177 8| 693), 92-71. 374 

5-11 23] 18- 2 73| 18-2 80) 19-1 69| 26-14 99] 22-5] 88) p11; 89 

6- 8 29, 6-3 Bate n4s iil er e300 air) eS liam S10) we ec ewe aks 185-8} 822) 26-1} 218 
14.57| 57.20| 36. 12| 143.75] 87.25] 348.25] 65.59) 259.00| 26.88] 99.00} 66.39| 273.71] 43.22 201.50 

Aap if SORES ek] eye pam UNG eT le te [ental | Aten Rea ree eet 
Re: Oi 11 ae (oleae ea 1 Ol tapi irae et alee 0. i GO| Men man AY A ae 
Peete gles | ea CEN ee Gilige ya ah es ABIDE | Ge 56 
Bue ican fii ceesea HO DR 2 1S Mee 138 Seed ae REE es late se 0 
Baca Gd tse aise: ia eee aye 75/e. 22 | 77 00asee. fia 00) so. <2! |, 43: 86| | 97, 95 
Beene = 
ore phe suk: Blade Bete: 7d eee ie a a Ae odd 6 
vegas Phi Meee rile ieee ZIG es Fine ere 218 oa | A hae 6 
aaa in Glee Glee Aveeaeee GEco ae Bieter al 5 
See Bea ee Wmeneale lees Bs tthe | cs8 tae, Daleue oe Bei eee: og ES weer 
16- 7 Rt atera ena On nyi Adal 57 Gl wae AGaie aetna 7i- 5| -269| 23-9 92 
24- § So 4etal yz 41 | 146) Goal a 2pely ee. | oo 8. 136-11; _ 465 97-9! 347 
16- 5 50| 31-11) 116, 22-0 83| 38-0]  128]' 26-0 ga| 18-3 66], Aa}. 
16-14! 67| 12-12 SO It. 190) 63°10) 9) O26) a. | g0- 3! 298] 1-0 4 
14.83] 53.80/38. 20| 146.50] 52. 73/ 190.75| 75.28] 268.75] 26.00| 92.00| 43.77| 156.86] 33. 47| 121.00 

7-4 45 0-8 2| 14-6 54] 12-0 ZS ae eae eee e238 42 1 9| 5 
10-12 41| 21-6 87| 22-14 S7\- 2a -1sleetog ensues sleet 48-141 207; 24-111 105 

1-14 9} 1-6 I= 0 5| 0-0 o| 2-10 10/ 7-10 Pi elie ai ee 

0- 8 2] 2-12 11] 15-0 58] 13-10 SU(N |r | 36-0| 164 6 9! 40 

4.08| 19.40} 6.50 27.25] 13.31] 51.00| 12.86] 50.00] 2.63} 10.00} 14.53| 63.43| 9.91] 45.00 

3| 0-12 aces er 6. 2-3 Siete el Os eae 1-12 13 e0= 2 1 
ie ong 1 ga We) eae | ey a Tih ge Oe eta 6-11 34, 5-0| 24 
2} 0-12 6| 2-8 15] 2-4 11] 2-13 14] 2-2 10) 1-8 7 
6} 3-2 25| 20-10)  138| 7-2 AG)esce os: rae 21-0} 128 744,75 
2.40} 1.67 12.50} 7.08} 45.00} 3.95] 23.50] 2.81) 14.00] 4.51) 26.43, 3.63, 26.75 
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TaBLE III.—Detailed statement of the annual performance of 25 representative lemon 


H 


Total. July. August. |September.| October. |November. 
Rank in Table I, strain, Pela ies : H Sal ars = ee é ri Wines 
grade, and season. g 5 | 3 a=) Ss g 8 gq Ss a] 8 
sa Slee q sy q aa g fy q ep g 
(3) 3 (>) 3 D 3 (>) | >) 3 D 
E ZA Salar es lacie | (tee Ee 
76. Lisbon strain—Contd. 

Total crop— 

1913-14. S..cssctenae 522— 2) 2,034] 25- 6 90)14— 4 60) 6- 2 32) 20- 2 UO eS eshlondese 
LOVER 15 aie crelce Sates 659- 4 2,520) 22-1 96| 9-10 51) 2-14 14| 14-6 58|24— 7 109 
19V5=16) 2/7. tween 342— 9) 1,373) 71-14 283)/42- 3 191)17- 4 91) 10- 1 55] 3- 3 18 
NOM SoncsSeotooes 393- 6 1,732} 9-15 45) 3- 8 15) 2- 6 g} 9-0 37| 7- 5) 43 
/ WAV ETACe Naa meaesee 479. 33)1,914. 75) 32. 31/128. 50/17. 39| '79.25| 7.16) 36.50) 13.39) 64. 75/11. 65) 56. 67 
Variable fruits— 

TOUS aerate sericea 
LOMA Hit iors ater event ereterere tel 
LOT S=1G 5 ier eee leoeeee 
TO er eA coasodlsnoaas 

IAVCLALO sie eee a leaeces 

A-verage seeds per fruit— 

Sal4 ois ease seal leiee eve aOR eoseoe ie fs nee Ol ress Dee DANE il ete 
TOS ee ei te UII aoe Fee aay ee Fl Paces alseiee nae ne yin ae 4 
UGE “MNo Gooseacoosollbeoten 5.44). 2222. Sees lence (losozcc Mleesee 5 
WAsvetagelmmenm: steal soeees Ai 58 | eee 3. 89|....- 6. 00)----- 5. 00|------ 4.00|...-- 4. 50 
81. Sporting strain: | 
Green grade— 
NOUS AVA i 528 ae 251-13 954) 8-13 34! 3- 2 13) 1- 8 5| 32-12 IBM pos sleeeeans 
1914-15............- 571- 2 2,022) 7-1 28) 2— 2 8} 2- 0 8] 76-3 274|.-.-- (1) 
NOUS Grete ae 466-15 1,637) 21- 6| | 75) 9- 38 34] 0- 9 2) 4-4 14 17 
VOUG V7 o2,, vecncme eee 294— 3 1,054) 10-14 40) 0- 0 0} 1- 8 6| 7-3 24/30- 8 110 
Average.../....-- 396. 02/1, 416. 75] 12.03] 44.25] 3.61] 13.75] 1.39| 5.25 |30.09 |110.75]17.63] 63.50 

Tree-Ripe grade— | . 

: LOVS=14 eS Seres cd ee 23-12} 106) 1-8 8] 0-10 3} 0-11 3]. 1-12 ISU sah |e 
Te) ers Saree 15= 9} 300} 1- 6 8] 2-. 2 11) 0- 7 3] 0-4 eee @) 
IIS O5 5d oussodgogs 44-11 195| 6-6 27| 3- 8 16) 3- 0 15] 2-6 12 15) 
LOUGH Mi 7peeefce mee eeieae 68-13 272) 2-13 14] 0- 0 0} 0O- 5 2| 1-0 4) 0-11 3 

Average........-- 53.20] 218.25) 3.02] 14.25] 1.56] 7.50) 1.11] 5.75] 1.34] 7.00) 1.94) 9.00 

Cull grade— | 
OUST Ase rs Se ve eee 3- 9 31} 0-7 3] 0- 6 2) 0O- 7 5} 0-1 URE SE eas 
1914-15. eco a acmas s 1l- 2 61} O- 2 1) 1-6 7| 1-0 7 0-0 Oeste (4) 
1915-16...........-- 18-14 97| 2-0 10) 0- 8 3] 2-144 17] 1-2 7} 0- 3 1 
TOUGHT pee te 19-10 122} 1-1 5} 0- 0 0} 1-2 7) 0-5 2| 0- 0 0) 

Average......---- 13. 30 77.75) 0.91! 4.75] 0.56] 3.00] 1.36] 9.00) 0.38} 2.50) 0.09) 0. 50) 

Total crop— | : | 
WQUBH14 socio e 279- 2 1,091) 10-12 4-2 18} 2-10 13} 34- 9 Te eee Seles 
O14) Ota 657-13] 2,383] 8- 9 5-10 26| 3- 7 18] 76- 7} 275)....- (4) 
OVS =I Galerie oe seeiee 530- 8 1,929) 29-12 13- 3 53| 6- 7 34] 7-12 33] 8- 2 33 
TOT GW eee lactase cine 382-10) 1, 448] 14-12 0- 0 0} 2-15 15] 8 8 30/31- 3 113 

AwveTageseereseres 462. 52/1, '712. 75/13. 95: |63. 25 4 5.73 24.25 | 3. 6| 20. 00} 31. 81/120. 25|19. 65) 73. 00) 
Variable fruits— a 
neeae al eee 0 OI ae Kt eee 
ada Slee AN Mle n-o4 @) 
eae eee 2 Glee 8 
See Oca eee "i yscece ere PAU aeseee 66 
Bicitind 4.50|...--| 1. 75|..-...| 24. 25].....| 37.00) 
be Ulsceme eae Blaseoaisee 
saat Bec Olas sued 3)..-.-| @) 
eee Oe ode Bleilantn Geis a 4 
aistersge We eosod| Ue stlageoe] 4, 50)..... 3. 67, 


1¥ruit picked in November, 1914, was removed without being recorded. In January and February, 
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trees of the Lisbon variety for the 6-year period from July 1913, to June, 1917—Contd. 


December. January. February. March. April. May. June. 
Pee rms: bee en ee Mek | ee hes Tin 8 
Beets ts os lee | Se vel mg |e 5p 
erie ee | elie | ele ie | Big) bts 8 
E Z - Z e Z = vzypal te rap alae Z - A 
23-15) 111} 62-13 250} 110-14 404) 151- 9 DDO tees eestor = 82-4 324) 24-13 98 
35- 6) 131) 70-4 278| 68-9 254] 92-3 CHE ndcpeoel Hoesen. 192- 4 706} 127- 4 476 
18- 9 61; 33-13 131} 25-8 103} 40- 4 139} 31-7 116} 27-15) 107} 20-8 78 
18- 1 75} 18-10 86]. 87- 9) 386] 84-6 BPA seeeael ee Boos 137- 3 590} 15- 7 119 
19.19} 75.60) 46.38} 186.25) 73.13) 286.75} 92.09] 342.25} 31.44) 116.00] 62. 80| 246.71) 47.00) 192.75 
eeeete.| Ml sere tstei= Wile ecee ileoc orca 116 | Grader nace non neaaieee Silesia 22 
sect (i emerciee ss Cee aaBe PAM oeeiae Sho) Wee ee bettered searean AQh es cess 57 
SHAS (Al Rees Se 102 | Peeters Ce coor LOS eee 66) Seeeeee Et aes ate 48 
pers Olleeh estos PBs acae 106) Ses Oe oece|Soeerarlaccorer LO 7|eeeree 6 
tees Ue EO]ececsed| BEE ecoteed) Cib-llaccabes| UMOb Oe ceececl) dn O0iessonea| Sti O0eeeeaea) Bhi sny 
eeeekie AL Senet (eres G}iescacre @Jessasce 7) Wee ae eee are eee i Baseeaa 5 
aheseee Gl acooec B eeseaes Mes coane GH eoaeerse lanceacee maaeaes if oneede 6 
SR AceE PA kes ae Peete Gleeecone Cle cimaee 4) eo oee (a) Ree 7 
Aaeeeee USO seeceee lee eeO ae eeeee | AeA eee es eA AB ee eA OU eecsenc|' © Hbs22Ne5-c2.6])" Gold 
90-12) G28 nee = Gyre eee ()} 40-4 159} 34-7 136} 26-9 $8} 13-10 50 
54- 4 189} 149- 8 529} 49-15 177| 101-12 363] 65- 2 Pell eee tse eee ees 63- 3 215 
15-12 57| 100- 2 377| 52-0 196} 69- 8 238) 139- 6 456) 24-1 83] 26-0 88 
72-7 261} 34-2 125} 61- 2 224| 24-13 Ch eee bs erase aris esl bene oas 51-10 173 


2 Wiese emer L)lloaaee se () 5- 7 22) 3-13 16) 8-8 36} 1-5 6 
2-13) 10} 13-14 54, 13-0 7) 13-6 49) 20-11 Mecseaccsl|ssnass: 7-10 30 
1-14 10} 1-18 8} 0-13 5; 0-0 QO) 2-11 10) 6-15 26) 12-2 51 

-0 0} 4-13 20) 1-6 5} 5-12 Dil estar epeve le aye) 4 epsay stata | =srera, = Ste 52-1 202 


0-3 iy Se a Oates (2) 19 15) 0-7 BleenOe0 Ola O=d 1 
0-14 BY e160 5| 2-2 a) leg! 5} 2-4 Ti etree ee as 3 6 
0- 3 TeeO16 | ene aT A teil 6| 2-9 12) 4-3 20] 0-6 2 
0- 0 Gleeetes2 9] 6-6 37| 2-10 SIs fe BRT er on St. ae 7-0 44 


0. 25 1.40] 0.83; 5.33] 3.98] 20.67| 1.61] 11.00] 1.75! 10.33] 2.09] 10.00] 1.23| 7.57 


91-1 330|----..- Olea one (1) 47— 4 196) 38-11 155; 35-1 134) 15- 0 57 
57-15} . 204) 164-6) 588) 65-1 233) 116- 5 417; 88-1 Shidlseq soudleosesds 72— 0 251 
17-13 68) 102- 5 387) 56- 4 217| 70-9 244) 144-10 478} 35-3 129} 38-8 141 
72-7 261) 40-1 154) 68-14 266] 33-3 Sul eeeeseloescene moeeeadoeebees 110-11 419 


. | 
ae 21 eee lean (2) ea (ees lt (Ly ee Salieeer e COlae nee Bete ts 16 
BR, 1GYc S22 ill Semis 74s ese 134 EPS ee TOT eke een cee eee 92 
ieee ee B5licc os. 201s: 162 |Peee Ne eto Ae 330 | Rie one 63lbeceaee 69 
See O50 een & TKO s| epee 101 |= TICOSU |S eel ese | eerie Pair eth ee 180 
eae G9) 20 escose| HOR Ailsasscoe| Wess acs escll IBM Cdl ootesdl WAR CR case: HME ood! ECD 
Re ate yf cele Fake) atl elfen Ye Lae pet Tl eb ehereat | eee Ole eee: 3 
Pence 1 ete Ae os Sieh Sah Oe ae (1) ae cal ene al ea Ae 1 
irre St il (aie ol eee: Bl Eeeaeees Ale Sr ge a strove ili Seae eee 2 
eerie.)  BeSSle eae eea| (ta, DNB a= tes || ee eR Ya) ranasariel ecosy |, CY lies [u oO sy jae a [mee ge V0) freee sl Ona SOD) 


1914, this tree was picked by mistake by the regular pickers and no record made of its crop. 
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TasiE II1.—Detailed statement o if the annual performance of 25 representative lemon 


Rank in Table I, strain, 
grade, and season. 


85. Open strain: 


92, 


Green grade— 
OUST eye oe ere eee 

AVeTAg@ = 52 22----- 

Tree-Ripe grade— 
1913-14 


Average..-.-.---- 
Cull grade— 
1913-14 


1913-14 


Average 
Variable fruits— 


Average 


Average seeds per fruit— 
1913-14....... OS Pas 


Average 


Open strain: 
Green grade— 
1913-14 


Average 
Tree-Ripe grade— 


AVCLACCE ee eee aae= 


Cull grade— 
1913-14 


Average 


Total crop— 
1913-14 


Average 


Total. July. \ugust. |September.| October. |November. 
Sag eee ; re 4 re : rs : ra : Fa 
ieee eet (ete | 2 ee |e 
Sg |S eS 8 | ee Seen | a 
® i} @ 3 @ 5 © 3 | © 3 ® 3 
= Z Bs] Dt a Nt ae | eee lar ee i 
446-3} 1, 646] 18- 9 63|/16— 6 62| 2- 4 9| 4-14 13) | eae Seen 
436- 2| 1,610) 8-4 34| 4— 6 18] 2-5 10) 8-4 32/28-15| 106 
243-13 907) 30- 2} 112/15-11 64) 1-7 6| 1-13 7| 0-12 3 
126- 2 494] 16- 2 68] 1-12 ile 4 0-0 0) 1-5 5 
313. 06/1, 164. 25] 18. 26] 69.25] 9.55] 37.75) 1.75} 7.25] 3.73) 14. 25/10. 33] 38.00 
| pease ———— — 
49- 4 214) 0=3 1] 1-4 5] 1-4 71 4-8 rill aun sa ea 
171-12 728| 9-5 45| 1- 8 9| 2-2 12} 1-0 5| 0-14 5 
83-10 399| 15-13 65/12—.2 58\11— 1 59| 7-8 47| 2-3 15 
93-15 450} 13- 8 63) 0-14]_ 5) 0O- 38 1| 40 17) 1-3 7 
99.64| 447.75) 9.70) 43.50) 3.94] 19.25] 3.66] 19.75] 4.25] 22.50] 1.42] 9.00 
: ea eater! orig 
14-8 93, O= 7 4, 0- 4 2, 0-12 5; 6-13 Seal eres 
22-10 137| 1-3 7\| 2 133 8| 0-0 0} 0- 38 1 
50-10 299] 13- 5 73/11- 5 62/11- 9 74) 1-2 9} 0- 8 4 
92- 9 745) 2-10 15) 0-14 5) 0- 0 0; 0-0 0) 0- 5 5 
45.08] 318.50) 4.39] 24.75} 3.66] 20.50] 3.38] 21.75] 1.98] 12.50] 0.33] 3.33 
509-15] 1,953] 19- 3 68|17-14 69| 4— 4 21| 16- 3 SO Real aero 
630- 8| 2,475] 18-12 86| 8— 1 40) 5-10 30) 9= 4 37/30- 0} 112 
378-1] 1,605] 59- 4) 250/39- 2) 184/24- 1) 139] 10- 7 63) 3- 7 22 
312-10 1, 689) 32- 4 146) 3- 8 17) 1-3 5} 4-0 17| 2-13 17 
457.78 1, 930. 50 32. 36/137. 50/17. 14) 77.50) 8.78] 48.75) 9.97) 49.25/12. 08) 50.33 
peas hee Gay ease Uieaess Ales (0) Reese OSes 
ieee ADM os a ibaase 5iieoee (i) eee a AB pee 21 
eee 67S 2G | a ee Waeses- 3B oer Olea 1 
eats foe O20 eee (psc 2 eee iT eae Sheeies 3 
Bae me Ch EPA eeesesh ops Wledasup aUuiecssape do OUeeesesh 22. C0|soeaaie ees 
Be LUA Se 53 Sie ees sheets Sie ee 2 feerans | ase ee 
Se 469 es eeene Ole 1 eas | ek ORS 5 
eee 5303 |b sees Ci Saae Sie (eeig ds i ae 8 
Scie See ee Sei las oso) Myers. aol SP Gal coco Po lee iss so Gsa) 
417- 4| 1,570) 16-14 60/13- 3 55) 2- 8 UO) SoS ote CUE Sal =a 
229-11 838] 8-4 34) 5= 4 22) 1-10 7| 2-6 9 1-7 5 
172- 2 638] 46-14, 179|22- 2 91) 1- 0 4) 0-0 0| 0- 0 0 
203-10 757| 13-12 55) 2-13 11| 7-6 29| 2-11 10] 3-10 14 
255. 67| 950.75) 21.44! 82.00/10. 84] 44. 75} 3.12] 12.50) 2.58] 10.00] 1.69} 6.33 
152= 1 634, 0- 4 i] 1-0 6| 1-15 12) 5-9 Bil Seon ences s 
178- 9 797| 4-12 24) 4-11 26| 5- 9 32/ 0-0 0} 0-4) 1 
98-11 483] 25-14 123/24-15 112/15- 2 89) 3-12) 26] 1- 1 ll 
g9- 9 404| 7-10 38] 2- 0 13] 0- 9 3] 11- 2 48] 5-14) 28 
129.72] 579.50) 9.62] 46.50} 8.16] 39.25] 5.80) 34.00] 5.11] 27.00} 2.39] 12.00 
B7= Si4er. 1s7- 02 4. 206g). 4 oto) ental eesial nua eeellec eee 
43- 4 322| 3-1 19} 2-15) 19] 1-1 10) 0-11 6) 0- 5 2 
68-15 431| 22- 7 131)14- 0 84\14— 7 103} 0- 9 5} 1- 0 7 
67- 1 448) 0-12 4) 1-3 8} 1-2 i) 2S © 5] O- 4) 2 
51.68} 347.00] 6.62] 39.00) 4. 67| 28.75] 4.34] 32.25] 2.97] 21.50] 0.52) 3. 67 
596-13 2,391) 17- 6 63)14-12 65) 5- 3 31] 20- 7 125) Sees Esa 
451— 8| 1,957] 16-1 77|/12-14 67| 8- 4] — 49} 3-1 15| 2- 0 8} 
339-12} 1,552} 95- 3) 433/61- 1]  287/30- 9) 196] 4 5 31] 2-1 14 
360- 4 1, 609} 22- 2 97| 6— 0 32) 9- 1 39] 14-13 63] 9-12) 44 
437. 08/1, 877. 25) 37. 69/167. 50/23. 67/112. 75)13 27] 78.75) 10. 66] 58.50} 4.60} 22.00 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. January. February March. April. May. June. 
2 ss ‘3 3 es ; 53 Hrs Sere ae i 
Pe 2 a a Pa 2 as 2 a 2 a 2 re 2 
et q Ao S| frat q fiat g oy q ye g A | 
52 3 ) 3 o = 7) re 2 =| 
Sameera | a) Re et ae RS a lB |g 
16- 8 63] 60-9 237| 169- 9 599} 91-1 Atal AR ee Al ae osee 46- 8 177). 19-15 7 
31-6 118} 50-4 195} 60-11 220) 62-6 PBN A Boel OE Ae 120- 6 430) 58-15 215 
3- 0) 10) 27-2 104} 35-7 138] 34-5 128] 56-12 199} 19- 2 70} 18-4 66 
3- 1 12 1-8 6 9- 3 35} 20-7 (las eBecleorace: 71-12 280) 0-0 0 
10.79} 40.60) 34.86) 135.50) 68.72) 248.00} 52.05) 194.50) 56.75} 199.00) 36.82) 136.71} 24.28} 89.50 
6-10 34 5-10) 23 3-13 14 9-10 40) apsist> aye\| saa stovcis 10- 0 42 6- 6 27 
7-15 31| 23-5 97} 13-12 54, 40-3 9 | erepetsterey | ooester toes 56- 6 245) 15-6 66 
2- 0) 9 4-5 27 1-15 10} 0-0 0} = =8-13) 35| 7-10 31| 10-4 43 
1-4 7} 1-12 10} 4-9 18} 9-15 CF oom sea| saeiaine 56-11 277| 0-0 0 
3. 56 16.20} 8.75} 39.25} 6.02) 24.00) 14.94) 61.00) 8.81} 35.00) 18.67} 85.00! 8.00) 34.00 
0-12 6} 0-8 1} 2-3 15) 0-9 Mope Barer aonasne 2-2 12) 0-7 3 
1-2 6} 0-12 5} 638-6 21|} 20 IU Oe oer se 6- 2 38) 4-8 27 
0- 0 0 0- 8 3 3- 9 22 0- 4 6 1-14 10) 3-15 21 2-11 15 
0-10 7| 2-6 22} 13-10 115} 3-2 8 ii satel eis 29- 8 189} 39-8 359 
0. 50 3.80} 0.95 7.75) 95.69) 43.25 1.48} 12.25) 1.88) 10.00) 5.96} 37.14] 11.78) 101.00 
23-14 103| 66-6 261| 175- 9 628} 101- 4 SSS eaneBe Baebes 58-10 231) 26-12 107 
40- 7 155} 74-5 297) 77-13 295} 104— 9 SC) Be A S| hensee 182-14 713) 78-13 308 
5- 0 19} 31-15 134] 40-15 170} 34-9 134 67-7 244} 30-11 122) 31-3 124 
4-15 26 5-10 38] 27-6 168) 33-8 SO | ese es | eee 157-15 746} 39-8 359 
14.85) 60.60) 44.56) 182.50) 80.42) 315.25) 68.47) 267.75) 67.44) 244.00) 61.45) 258.86) 44.06) 224.50 
cE eds Eee IG aees ae NGS |paeeae NBO eee | ree ares [Eee a (Ai) peice 25 
errata PINE Sa oe pl Waeeces Bh ee Se ete ee else eo olooensee 159 eee 4 
aac wie Ulsassece QO | eee W22 eres LOS eee 8) Beier Gt) Beeece 61 
Aeceeee Oe “Vee dee 73] ee Bic Ole caLSogllenasoce|aesaco 102| Beene 0 
Beas 12. 40)... .--- Gas00 ee cere Soe D0 sess OOS DO ee see 781005222 —-|) 56:,00lS2a-<- <I) 32250 
weeaey Giese atts Glee ge. Teaeeisee Ue peal eaoemee aaeaate PAN leer se tf 
SEER Sits Bie aoeae Alene ae Al ee ore 1G |e ieeeseayel Cfepeva tava nin) =pstat or O eee ee 4 
Jrenss: Ulceasaoe Ci epee 1) | Sata pe ali ss eae Bose ga Bess ae 1 
Stearate 600)2ee- 2-2 big: tl eee 4.44)....... 4.00 Reh Sch eo ceoes ANOU tee eee 4.00 
12-8 49] 55- 4 218} 126-12 456} 69- 3 QOS aoe esa Ses oe 95- 1 355) 20-11 82 
5-12 20) 22-12 84, 22- 2 79, 34-2 123; 68-4 Dinars es ered Speech ae 57-12 213 
1-7 5} 9-6 35] 13- 2 49} 27-9 95| 25- 6 90| 16- 6 58} 8-14 32 
10-5 40) 9- 4 35| 31-1 112} 42-2 1bY4\36 Saeed beens | 77- 0 284) 3-10 15 
6.00} 22.80) 24.16} 93.00) 48.27) 174.00) 43.25) 158.50] 46.82) 166.00) 37.69) 139.40) 18.19) 68.40 
0- § 2; 11-10 49] 61-7 233) 16-11 WO laser a| secs 40- 0 173) 13-1 54 
2-3 8} 7-7 29} 13-0 59} 20-3 80} 77- 5 B49 Mee oe aelee oe ee 43- 3 198 
2- 2 9 3-7 20; 0-8 3 0- 0 0 1-0 4| 16-8 7 4 6 20 
1-3 6) 3-0 13} 6-4 24) 10-0 AQ eevee ef lira Atala’ 37-7 161; 48 30 
1.20) -5.00) 6. a 27.75) 20.30) 77.50) 11.72] 47.50) 39.16) 176.50} 18.79) 80.80) 13.03) 60.40 
0-10 6| 1-9 8| 5-2 35) 3-12 Paes See 4-7 24) 0-13 5 
0- 0 0 1-2 8 5- 0 33 3-12 22| 12-9 P28 i ateees |e esaes 12-12 75 
0-13 7 1-6 1085 1 3l 1-1 5) 4-6 26) 2-8 14 1- 5 8 
0-9 6) 2-0 -17) 12-14 88 5-11 A2Wee Ros tea e ae 25-10 142) 16-0 127 
0. 40 3.80) 1.51] 10.75) 7.02} 46.75] 3.56] 23.25) 8.47] 77.00] 6.51] 36.00] 6.18] 43.00 
13-10 57| 68-7 275] 193- 5 724| 89-10 BOSE a seclell acer, 139-8 552) 34-9 141 
7-15 28| 31-5 121} 40- 2 162} 58-1 225) 158- 2 (iG ceeesclbonsess 113-11 486 
46 21} 14-3 65} 18-11 83} 28-10 100} 30-12 120) 35-6 142} 14- 9 60 
12-1 52| 14-4 65] 50-3 224) 57-13 2o4 ee esa leeie si 140-1 587} 24-2 172 
7.60} 31. 60| 32.05) 131.50) 75.58) 298.25) 58.53) 229.25) 94.44) 419.50) 62.99) 256.20) 37.39) 171.80 
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TasLe III.—Detailed statement of the annual performance of 25 representative lemon 


Rank in Table I, strain, 
grade, and season. 


93. Open strain—Contd. 
Variable fruits— 


Average.....----- 
Average seeds per fruit— 
1913-14 
1914-15 
1915-16 


Average......-.-- 
101. Open strain: 


Green grade— 
1913-14 


Average...-..--.- 


Tree-Ripe grade— 
LOUS=145 eo Sees 


Average 


Cull grade— 
1913-14 


1915-16 
1916-17 


Average.........- 
Total crop— 
1913-14 


1915-16 
1916-17 


IAW OTOP Cle ee eeeeiee 


Variable fruits— 
1913-14 


Average 


Average seeds per fruit— 
1913-14 


Average 


113. Open strain: 
Green grade— 
1913-14 


(OUR 1G ee hes 


Total. July. August. |September.| October. |November. 

: H , ui 0 Hi : rey 2 H 6 Hi 

» o Ww 9) » ic) »~ o » (9) » 0) 

q He! is) 2 q Q q 2 qi Q as] He) 

Cope cece | 2 |e) 8 ag 

e Z Seaeeras i |e [Si ea |e 
Sap oe 290)-.---- Ge ee Oars Os saae (ine Bend ERE es 
eae BOP scecose 3 | Soe ea ees obese QHeBees J 
Ake ees 467|..---- Dolemite 8 osoc Oleeniees Oe akee 0 
see ee 356|2<---- Aires Bileee se VO|ee seme bo a eas a 
Reset Sish(Msasscaollsraq sos) Wen aes esa| eoOMie essai AeOOl so Sol) ayy 
SAE Skee bescos Dl nets Slee Ll Pee eRe 2 Ses Sollee ets 
ea GeGYAlaasooe ease Claeace Bllieseeea Bi eaaee 3 
Be oe Oe 90a mci Siserrs Gisscue Glee sciers ‘Dl eeeree 7 
eee 5.09). 2-22.) 5. 67)... -..]) 4.89). <3) 38: 4422-22) 38.438)5- 2. 4.160) 
228-12 862) 10- 4 40) 4-14 21) 0- 8 2} 3- 2 A eae oer Soc 
148- 5 569] 6- 4 26) 6- 0 25) 4-13 20; 3- 4 13} 8-14 34 
152-11 568} 26-11 103] 7- 8 30) 1- 8 6} 0-0 0) 0-13 3 
162- 2 624 18- 0 77| 0-11 3) 1-1 4, 0-0 0} 1-14 7 
172.97| 655.75} 15.33] 61.50} 4.77) 19.75] 1.97) 8.00} 1.59) 6.75) 3.85) 14.67 
101-10 436) 5-5 24! O- 2 1} 0-12 6} 2-14 Dt eae | al 
328- 5) 1,503) 4-15 25) 3- 5 20)15- 7 92) 3-6 19] 0- 5 2 
143- 2 713] 21- 9 96} 2- 6 12/19- 3 97) 12-12) 91) 3-13 25 
86- 6 415} 21- 4 114) 0- 7 3} 0- 0 0} 5-10 25) 2- 0 9 
164. 86} 766.75) 13, 27) 64.75] 1.56} 9.00} 8.84] 48.75} 6.16) 39.00) 2.04] 12.00 

_———— ——|_——— _———_—————— 

12-4 77, 1-0 7| 0- 8 3] 0- 2 1) 1-9 1) bos See eee 
59-10 382) 2-3 14} 4-6 30) 4-12 36] 1- 4 9) 1- 7 8 
94-15 608} 19-10 128)12-11 76/23-15| 156) 1-11 14) 2-13 22 
76- 0 499} 3-1 17| 0-11 5} 0- 0 0} 0-9 4, 1-7 12 
60.70} 391.50} 6.47) 41.50) 4.56] 28.50} 7.20) 48.25) 1.27) 9.75) 1.90) 14.00 
342-10) 1,375] 16-11 71} 5- 8 25] 1- 6 9} 7-9 AT mstiens I eerie 
536- 4 2,454) 13- 6 65/13-11 75/25— 0} 148) 7-14 41/10-10 44 
390-12 1,889) 67-14)  327/22- 9} 118/44-10) 259) 14- 7 105} 7- 7 50 
324— 8} 1,538) 42- 5) 208] 1-13 11) 1-1 41 6-3 29) 5- 5 28 
398. 53/1, 814. 00} 35. 07/167. 75)10. 89) 57.25/18. 02/105. 00) 9.02) 55.50} 7.'79| 40. 67 
HeCaae 131 eer oH ees Oe OQ) OBSealisee 
Pte 34 See by essue 7A Wess essed Olea 0) 
Beton 292|5 2... dieses t:) pee Qseszeiee Oe 0 
Bheae 192 eee Gilesaoe Oje2% Oe DH hesenehse 0 
os eens W714 75 | 2 eee oh 18.00 Bessa 2000 eeee) aOs50 | eee 0. 25]... -- 0 
Deal Sere Bleceas Cease Nee Soe ee sie ae 
G59 Renee EU eat CY aaa Aleem Glee 5 
S309 Beare dieaaee 10 eee 10/feeees Hee 7 
Lee ety eerie fait ov Saeeel latieteolooraoite Gbeellonooscl ck 738 sels Choe) 
190- 5 746) 16-14 63) 4- 7 19] 0- 0 0) 3-4 Nal Re ee ers 
155-10 589} 8-15 39} 2-12 11) 6- 38 27; 3-8 14] 3- 5 13 
109- 1 405) 9-14 38 25- 6 100) 2- 0 8} 1-5 5} 1- 4 5 
162-14 634] 22-12} 102) 1-0 4) 2- 8 9) 1-13 7| 1-12 7 
154.47) 593.50} 14.61} 60. 50, 8.39] 33.50) 2. 67 11.00 2.47) 10.00) 2.10} 8.33 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


| December. January. | February. March. April. May. June. 
| 
. Ki F Ki = re ™ ui a es Ke 
~~ oa ~~ oO » oO ~ o » 7) ~~ oO ~~ o 
a a a a re) a | Q a 2 qi a a 2 
i g i q at g oF g zi q ah q 2 g 
a oO i=] il oe o 5 fad i=] oO 5 
e Z e Zz E Z = Pct el ed ewe - Z ee [aa 
= eer Afi<cincioce 25)..--+-- Raat Gee second pceooas Eas ocre (Ue ease 18 
Ecce Ariseoce iW ieockGos 7 errr atl) aeaaee 4 eee raietel resets | rotten te 111 
Bao race Nericecce P| nent AD eon oe Oh) Soaeeec WAReasoss S0Psiae 38 
SCRCaGs UR scood 17)..----- Wd staroratotea 1 Pie Scie Ropeacc| bap seese 2) ee 4 
wie iate oe 620-7 -===- 21.75|...---- 5000 Fs sce cctedoscolesneses| UtSsO0)<ccc~s-| AvsO0' 2.) 84.20 
gee siecle loc anebe Bleaeeere GABSaanc Are tae |e Sacer pasboce 6) a aoe 4 
“o@ecud 10|-..:.-. Vieoecees Qlisertas as CAL, rie eens Giboecsce|-ceooss|-ocesee 9 
Bee ue labacioce Glasereerte Ol See ese Bere ee il oeureee Ol Somers as 4 
reba ae or ee G56 bresaee SY 3d| Fasten ne AN SB\ectelctsr,< Uextleoaeace AS5O\ Eee 5. 67 
6- 0 22) 45-6 176; 84-8 307) 44-0 169 See eee ee 22-7 81; 7-9 30 
9-4 36, 14-9 58 9-14 37| 27-9 105) 28-0 LOA cee | ase 29-14 111 
0-0 0) 4-6 16} 10-10 41) 10-1 36| 36-14 128) 28-9 107} 25-11 98 
9-13 40|} 3-3 13} 20-12 80| 41-15 V55| Sa ee aes 63-13 240| 1-0 5 
5. 01 19.60) 16.88) 65.75) 31.44) 116.25} 30.89) 116.25) 32.44) 116.00} 22.96] 85.60) 12.83) 48.80 
0- 0 0} 1-13 8 43-3 166} 23-3 09 | Meee tal Emeeeie 21- 6 98; 3-0) 13 
9-14 39| 40-6 172} 22-2 90/ 31-8 128) 159- 9 MAAS eee ise 37— 8} 172 
4-8 20! 10-14 65 1-4 U 0- 0}. 0} 3-2 13} 48-12 215) 14-15) 72 
3-2 15) 0-4 1} 6-12 27; 6-8 Oo) ee eee Pees eos 40-7 196} 0-0 “0 
—— | 
3.50} 14.80) 13.33) 61.50) 18.33} 72.50} 15.30) 63.00) 81.34) 378.50) 22.11) 101.80) 11.09) 51.40 


0=74. 2} 0-5 OTT) 10} 4-6 Olean |S ar, 1-4 Suet 24! 7 
0-14 5} 2-0) 13\5 2—14 13} 5-0 31) 28-13 17h | Scere | oases 6-11) 46 
0-10 6, 1-15) 15} 3-15 BY0)) BETH Gaal “LG 24| 11-14 67| 7-12 45 
0-7 3) 3-2 26| 7-12 53; 9-6 Eta] peeps | (te 34-0 205} 15-9! 119 


6- 4 24| 47- 8) 186, 129- 5 483| 71-9 293 |e ese c/a | ae a ei 45-1 187) 11-13 50 
20-0 80) 56-15, 243) 34-4 140; 64-1 264| 216— 6} 1,025)......./.....-- 74-1 329 
5- 2 26) 17-3 96) 15-13 78) 13-13 61] 44-5 165) 89-3 389| 48-6 215 
13- 6 58) 6-9 40| 35-4 160) 57-18 235) 2 ocr =| bes see 138- 4 641) 16-9 124 


8.95| 37.60) 32.05) 141.25) 53.66) 215.25) 51.81) 213.25) 130.34) 595.00; 54.50) 243.40) 30.16) 143.60 


3- 6 15, 43-1 168) 59-11 232) 26- 4 106) 52 2-22] 5-25-2- 24-15 96) 8-7 33 
4-4 16} 19-7 7 8-12 33] 18-10 69} 34-14 IPN Woeeoct\boonese 45- 0) 164 
0-4 1 2} 3-13 15} 12-13 46) 20-14 71; 14-4 51] 16-11 63 
3- 8 14 16} 16-12 64, 41-4 1G?) ee ase obs ‘---| 66-4 255} 1-2 4 
2. 28 9.20} 16.81) 65.50} 22.25) 86.00} 24.73) 93.25) 27.88) 99.00) 21.09} 80.40} 14.25) 52.80 


> | eS a a SS SS SS 
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TasLE II1.—Detailed statement of the annual performance of 25 representative lemon 


| 
| 


Total. July. August. |September. October. November. 
Rank in Table I, strain, : Hi a iB : iH oI & a 
grade, and season. P= 3 ae Fed toed eto faethe tars a=] oe ores cca 
say q 5 q fy q aay | ey g 2) | 
Ce) t=} oO (>) 3 (>) 3 Co) =| (<2) =] 
= Z Be A aad BE |e, Fate ee i ae ea 
113. Open strain—Contd. 
Tree-Ripe grade— : 
AQIB=14 ae ee 395| 5- 8 25) 0-13 5} 0-14 6| 5-9 BHD os eee 
NOVAS) eee eee 964) 4-1 21) 2-0 11} 5-5 28) 2-7 13 6 2 
1915-162 eee = eae 656} 11- 1 49'57- 6 274)14—- 1 82) 8-8 55] 3- 0 18 
1916=VWittieese sates 440} 17- 6 105) 0-15 5} 0O- 7 3] 6 5 29| 0-12 3 
UNO TAG Cheese et aete 131.87] 613.75} 9.50) 50.00)15. 28) 73.75) 5.17} 29.75) 5.70) 33.00) 1.38) 7.67 
Cull grade— | 
LOIS HAs oe esc 13- 6 103) 0-14 7 0-14) 7| 1-2 11; 3-1 37) Soa) eee 
IS ES ie Se ee sooee 60- 9 378| 7-6 44| 3- 0 19) 1-11 10} 1-3 90-8 3 
19th lO eee eee eee 64-13 404) 13-14 7917-8 99 9- 2 65| 1-8 12} 2- 8 20 
TQUG=HL7 Sasa esteem 63- 0 410} 7-5 46| 0- 9 4, 0-10 4) 0- 5) 2) 0- & 5 
AGVETA Se Me eee 50.44] 323.75] 7.36] 44.00] 5.48} 32. 25) 3.14| 22.50] 1.52) 13.75) 1.17) 9.33 
Total crop— [ | | 
LOLS=14 ee sess 292-7 1, 244] 23- 4 95| 6- 2 31 2-0 17| 11-14 Shier sleebion.s 
LOTR N oes eae e 434- 4 1, 931| 20- 6 104| 7-12 41|13- 3 65| 7- 2 36) 4-3 18 
IQI5=16 2S ee eee 304- 1 1, 465) 34-13 166}100-4 473)25- 3 155} 11- 5 72| 6-12 43 
TOUG=1/ ee a see eee 316- 6} 1,484) 47- 7| 253) 2- 8 13} 3- 9 16] 8-7 38 0 15 
Average....-..----|336. 78/1, 531. 00| 31. 48/154. 50/29. 16/139. 50|10. 98) 63.25] 9.69) 56.75) 4.65) 25.33 
Variable fruits— | 
TOISAS a2 eee lees INA See oe 33 ee 2 Ole ee Olee Sees (eee) Se ae 
UES ees sada ens 120 /2e=5—~ (1) AN tes eee Oe 0 
NO1S=1G Saeco ealeeeee 256) 25 eee = aa ere 40|_...- GSes228 Dy) ees 0 
DOUG ie Ree laeeeee 203 | Sener Ch) ae Be ee Al a soir OSS 3 
Asveragesie..2.25.|iae. wel 7172. 75|.--2-¢| 25.75|.---- i 75|_.2 4.00|...--- 0.50......| 1.00 
Average seeds per fruit— | 
OVS 14 Sa Ae Sere esiomiae D309 eee yh ees cs eae fe ee # sesesibSeeee 
LOMMaN5 Soe oS eeesecs|2 aap ae te OON EE = i} ee 5) eee by ee on De oe 8 
AGUS =1 Gees sees eee Ae 6582 aes [5a Sie Geen Beas 6 
Awerages cic soa) eens 6:67|s222 Fn see 5 lees Boe ees 3. 78) ee ek 
114. Dense - Unproductive | | a 
strain: 
_ Green grade— 
1913-14 E 158- 1 519) f= 7 28) 0-12 3] 0- 9 2) 1-15 Th ease 2 | ee ee 
1914-15 1,060) 1-12 6} 0- 0 0} 3-15 16] 80-13] 287/47- 6) 161 
1915-16 1,190} 8-7 28) 1-1 4) 1-5) 5} 9-14 35/31-12 112 
1916-17 932) 10-14 45) 1- 5 5} 1-14 7| 4-5 15/20- 8 75 
INV CTALC S22eere See 259. 75{ 940.25] 7.13] 26.75] 0.78} 3.00] 1.92 =e 50| 24. 23) 86. 00/33. 21/116. 00 
Tree-Ripe grade— 
AQIS = 14 Wiis omeceeeel 3- 6 14, 0-10) 3} O- 4 10-0 0} 0-12 es SoSH ete 
1OVARND Setccncee ae cee 7-4 29| 0-12 3} 0- 0 0; 0- O 0} 0-0 0} O- 0 0 
LOUSS1 Gye wesc nee 0- 5 38| 0-14 4) 0- 0 0} 2- 0 10) 0-9 2) 0- 0 0 
AGIG Lie emicceea eee 24-9 101; 0-14 6| 0- 3 1) 0-0 0} 2-15 13) 0- 5 2 
AVELALCS <4 22 aaere 10.87} 45.50! 0.78} 4.00) 0.11) 0.50) 0.50) 2.50) 1.06] 4.50) 0.10) 0. 67)- 
Cull grade— } esl 
iota 2 eee ee 2- 6 15 0-8 4) 0- 2 1 0- 0 0; 0-0 es aS 
IR ESI. Geeeemeporse 4-2 23) O- 4 1} 0-0 0; 0-0 0} O-9 2| 0- 9 2 
AGTH Gite cen eee 12- 4 67; 0-2 1} 1-3 6 1-6 9} 0-0 0| O- 2 1 
IR fee eeepease 26-— 0) 153) 0- 0 0) 0- 0 0) 1-6 14; 0-2 1) 0-11 5 
Average......---- 11.19 64. 50) 0.22) 1.50) 0.32) 1.75) 0.69} 5.75) 0.17) 0.75) 0.46) 2.67 
Total crop— | : 
LOTSA es ee eee ae 163-13 608 8 9 35) 1- 2 5) 0- 9 2} 2-11 Kt) epee Ee erste 
OVA A es ole eeee 312- 6} 1,112 2-12 10} 0- 0 0} 3-13 16) 81— 6; 289)/47-15) 163 
IOUS 1Giae se seer 347-14 299) 97 33] 2- 4 10) 4-11 24) 10- 7 37|31-14 113 
AOU GRU reeers ensayo recs 303- 3 1, 186) 11-12 51| 1- 8 6] 3- 4 21| 7-6 29|\21- 8 82 


Average.........: 281. 81/1, 050. 25) 8.13) 32.25) 1.22) 5.25) 3.11) 15. 75) 25.47) 91. 25/33. 77/119. 33 
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BUD VARIATION IN THE LISBON LEMON. 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


er 
| 


December January February. March. April. May. June. 
; u : Po : Pe : u ; Pe ; a 5 re 
» oO a [-*) — @ ~~ [-) — [-9) ~ [-9) ~ oO 
| 2 q 2 Fo 2 a Q Fo] 2 =| = a Q 
2 g o S| a =| A g o g Ad g oo I 
© =) © S| re f= | = 3 Fs =! KZ ia 
E Z E Z E Zz = Zz, = Zz, Ee Z, = Z 
aa 
} 
0-4 il!) SER: g| 29-2! 118] 14-10 ell ae | Slee 24-9} 111) 5-10 23 
1-4 5| 18-6 76| 15-1 60| 19-10 SU1025 Ole 456| 222 -s8| osc 47-0| 211 
5- 6 26} 9-5 54 0-0 0| 0-0] 0| 3-14 16| 10-11 48) 6-15 34 
2-10 rel piers Bl Lay 14| 17-0 FO aa ie eae ag eral 5 ae A 14 
1.90} 9.00] 7.86] 36.75] 11.91] 48.00] 12.81] 53.50) 53.22] 236.00] 14.54] 66.80] 12.36] 56.40 
0-2 De 0-7 De a7 i Boy; 1 | stad a habe ee j tee 10} 0-10) 4 
0- 0 Clute 4 9) 2-8 Wale? Fo) 701 20a a ee pee 11- 2| 71 
3-8 Olu eal ibe ="G) 1 eaten | se aiby| 99| 2-14 17} 5-8 29 
0- 8 7A aiea hn iy) eG 5l| ‘6-6 AGE 1 SR ae ta | 28-14) 161] 8-12 71 
0.83} 7.20) 1.36) 9.25] 3.25] 21.25 4.50| 29.50] 14.28) 89.00) 6.63] 37.60] 5.20] 35.00 
3-12 Taleb eeew lsh G0=14loe 2 35G| h4d= bia 18Oh = ue 50-14 217} 14-11 60 
5- 8 Osos mtGlh Oe sie) TOS\45 Gl = 192N162= 4l0) | 730i ba..-|-so. Se 103- 2| 446 
9- 2 57| 11-15 69] 5-6 26| 13-14 53; 28-8| 109] 27-13) 116] 29-2] 126 
_ 6-10 Sill yet} 38} 27-11 129). 64-10) 27]|.......|....--- 132=19| ee5Ollet2—2 89 
5.00) 25.40/ 26.03| 111.50| 37.41| 155.25] 42.05| 176.25| 95.38 424.00) 42.25) 184.80| 31.81) 144.20 
an === | 
ees (ieee: ii fies WA ee Oy) = ee it a Toles ep 5 
ee. i See (eae Riese ee ry eee Gis Ee Saal en ea 30 
Seaerece OS ee Cleese it Be 0 GY Sra AS es. AG|Pse aces 61 
Scene (Saree 1 eo od 7 |e stay dl Rp te Pei (Ra es Py |Saee 0 
reese 1.40)..-..-.| © 8-50)...-...| 20-00)---....| 31.25}.......| 39-50|-.-.-.-| |19-80|-..-.--] 19.20 
_ Diag ee as tian Gigi ae teelty so.) Alea 7 
eee ii] ee Cheeses Jet i612 aS a iby aries i Seno) ace eal Ie Spe 7 
rs (loca na i | Nee sae Ff sa ie Ba Gish as Olek Naa 5 
eee PieO ere eon nesfee ad a| me Won S| ees | 4 9.38h. BE.) 5. 50[ce-c5-| "GR 
| | 
| 
31-11 112} 48-2} 182} 50-14] -184| 11- 3| LON ee |e ee 4-10) 17| 0-9 2 
41-12 147| 44-13] 166] 26-0 91, 20-12 7 Verbeek, | A Ne 26- 2| 86| 7-11] 26 
59- 1 211) 71-13) 270| 60-5} 234) 18-7 65} 39-12} 137| 17-9 62| 7-15] 27 
37- 6 138] 19-5 Tle Srl B10} 30-11 AIOE see [oe 68- 0| 250} 0-12 3 
33.98} 121.60| 46.01] 173.00) 48.70 179.75) 20.34| 72.75| 39.75] 137.00| 16.62] 59.29] 4.23| 14.50 
| — i 
| | | 
0- 3 1] 0-0 0} 0-0] 0} 0-5 jl Dest 8 he ca 1- 0| 4) 0-4 1 
0- 0 oO} oO 8 2 1-0 7S Stee Aree Seen een 1-12 7| 1-12 7 
0-0 Olen 1] 0-0 0| 0-5 DeOL18 9) 1-11 || aS 10 
| 0- 0 Ojeat=29 7h Tee) faite lee te ee erg=7g 38, 0-0) 0 
|. 0.04; 0.20] 0.56) 2.50} 0.69| 2.50} 2.39] 9.25] 0.50} 2.00) 1.99} 8.00| 1.05, 4.50 
———— | SS— SS 
0- 4 Oats 1 0-0 (os eet ta 0- 3) il 020) 0 
0-11 Ae O=n8 3 0- 0 Nea Loa haere | 0-10 5| 0-12) 5 
0-16 6| 1-0 6 oma 1; 0-10 St O59 3| 0-12 4 
0- 6 ole OA 2 0- 8 A te eagle | 96 46| 9-12) 56 
0.39] 3.00} 0.52] 3.00 0.17] 1.25| 0.63| 3.00) 1.54] 7.86] 2.81] 16.25 
32-2 115] 48-7| 183 11-13 Babe cee ieee me SAS 92} 0-13! 3 
42-7 151] 45-13] 171 22- 4 See GEE frog ig 98| 10-3 38 
59-11 217| 73-0| 277 18-15 68} 40-14] 142) 19-13 72| 10-14 41 
37-12 141] 21- 2 83 SRE 10 | eekal to mee ase 86-14] 334] 10- 8| 59 
34.40| 124.80] 47.09] 178.50 22.91| 83.25| 40.88| 142.00} 20.14] 75.14| 8.09] 35.25 
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TaBLE II1.—Detailed statement of the annual performance of 25 representative lemon 


; ] 
Total. July. August. |September.| October. |November. 
Rank in Table I, strain, ; Hi 2 H ; H : Hi : a 3 H 
grade, and season. at & be feaa etree ire ten ibe eye ll ae |< 5 i) eet ees 
aay q se q sy q ay q iy q gO Wf 
g 3 2 3 2 = 2 st 2 3 @ 5) 
e Z Cae esaisee ML i= if Cee Oe be es ah 
114. Dense-Unproductive 
strain—Continued. 
Variable fruits— 
1913-145. fonssee eesleseeae DLO Sree Wilaooes Ale oe. PA ean Alpers ace Sel 
eS Gaactlocooasell>scaqde UWiesesos (Ul eses eceoalooane Wocesse GLReeee 83 
T915-16S ss eaeee eee CV(Neese So 5 | eee gees PA eoabinn eh oosss 42 
W9IGHV isi oensc ce neal eee 863). ---- - 36). --.- 4\....- Bl eens Uelieaee 45 
AWVELALO jer eon Geen sees 739. OO|------ 19. OO|..- - - 3. 00|---.. 2.00|------ 24. 75|...-. 56. 67) 
Average seeds per fruit— 
19D S14 oF edo smee alee eeee PAO egos AN wore Aiveaas Bi eesee ee Semel 
Me Oo pepe eeaneagolleacaar seBllosonso Oen AAAS Seles Olasse- Ol... 2 0 
OMG Sb G550dacccnlloeds—a UePEseoeos iS nee Wesede GD Ep SE er a ieee 2 
VAVGTAG Cia sece cecal secre: ipskeligooads ilo Tisjloscoe 2. 80|----- 1. 80|------ S5O|s seer 0. 75) 
117. Dense- Unproductive 
strain: 
Green grade— 
1913-14............- 183- 5 697| 10- 9) 42) 0-11 3| 0- 0 0} 0-0 One Secidliacssec 
iM ley So caeacuudos 168-14 607] 2-6 10] 0- 0 Of 1- 2 5] 41- 0} 150)18- 0 66 
ION s GhoosSeccote 267- 7 977| 2-3 8] 0- 0 0} 2- 7 8| 12-13 46)21-— 2 77 
MONG ifetetereetse eee 167- 8 626) 8-13 41} 0-0 0} 0- 9 2) 5-12 22)11- 9 43 
Average.....----- 196. 78} 726.75) 5.98) 25.25] 0.17) 0.75] 1.03] 3.75) 14.89) 54. 50/16. 90) 62. 00 
Tree-Ripe grade— J 
1913-14 eee ee eae 4-1 19] 1-8 7| 0- 6 2) 0- 6 2} 0-4 1 ee Oeics 
1914-15.........-.-- 7- 3 31} 4-0 17| 0- 0 0} 0- 3 1; 0-0 0} 0- 0 0 
ONS Opeeee eee 3-15 17} 0-7 2| 0- 0 0} 0- 7 2| 0-13 3} 0- 3 1 
TOUG- Meier one cee eee 16-1 69} 271 13} 0- 0 0| 0- 0 0} 0-0 0} 0- 8 2 
Average......-.-- 7. 81 34.00] 2.00; 9.75] 0.09) 0.50) 0.25) 1.25) 0.27] 1.00] 0.23) 1.00 
Cull grade— . is 
IQIS=14e Re cesses 2-13 16} 0-7 4| 0- 0 0} 0- 0 0) Gl JS b os Saesan 
WOT4= 1 Sees ee ace 1-10 8} 0-11 3} O- 0 0} 0- 0 0} 0-0 0} 0- O 0 
1915-165 ech ee eee 14-0 70) O- 5 2| 0- 0 0| 0- 6 3) 0-0 0| 1- 2 7 
IDI Vfonsodescosces 33- 8 199} 1-8 7| 0- 0 0} 1- 5 15) 0-0 0} 0- 2 1 
Average........-- 12. 98 73.25] 0.73) 4.00 0 QO} 0.42) 4.50) 0.02} 0.25) 0.42) 2.68 
Total crop— ~ 
1O1S=14 yee eee eee 190- 3 732 5] 0- 6 2} 0-5 Deets Ney toe 
WOU4= 15S etersm eee ace 177-11 646) 0} 1-5 6| 41- 0 150/18- 0 66 
OVS -16hareee eee eee 285- 6} 1,064 0| 3- 4 13) 13-10 49|22— 7 85 
LOUGH Wiperereer ere oe 217-1 894 0} 1-14 17} 5-12 22/12- 3 46 
Average...2..:...- 217.58) 834.00 1.25] 1.70) 9.50} 15.17) 55. '75|17. 54) 65. 67 
Variable fruits— iy 
1913-14 648 Oiewses PAV ea ve 1 
1914-15 512 0 Gee 46). 
1915-16 725 0j.. Assocs 20 
1916-17. 564 0 Pests 14 
PAVETALC scene ose eee eee 612. 25 12o| eee Bey iseeoss 20. 25 
Average seeds per fruit— zou i 
Ts Fee asosuoaolaouore 1.40|2 2... 3 | ee PA eee Blister eee 
IY eta coaosdessaclossous WSo|eeeeee ress Oloseas Ly eSeee 2 ea 
MG onGoccssqucnclloodsce 1.04/.....- Pesce Oe Sess eer 
IAVETARC oici2 saeco hae 1255 | Peaees 178 |e e ee P(N osse 3450 |Saenee 2.00)... -- 
121. Dense-Unproductive e ean, 
strain: 
Green grade— 
AOI SIA Ni ecitteneene 124— 2 465) 13- 6 50} 1- 0 4) 0- 4 1} 1-1 As 8 
1 eS Ga Gemeedasue 155- 8 562) 0-12 3] 0- 0 0} 2-13 11) 42-3) 155/25- 0 
LOL 5-6 c seca 190- 4 707} 1-10 6} 0- 0 0} 1-1 4| 7-0 26)19- 8 
iG eGoaapaesdaor 78-10 316) 4-11 19} 0- 0 0} 0-13 3] 1-9 6} 4-6 
Average../......: 137.13] 512.50} 5.11) 19. 50) 0.25) 1.00] 1.23) 4.75] 12. 95) 47. 75/16. 29 
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trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. January. February. March April. May June. 
eee a wi at es [if ate ete alte a calor ss 
» oO » o ~~ f°?) ba oO ~” oO a oO aad Cy) 
q 2 q a2 aq 2 q 2 gi a2 is) a a a 
e q fe g iat a ie q foe q jay | oe q 
o e g S | 2 & 5 & 3 
eee) a |e oe | Fol aol ela | Ee) aA | EF 
Rive otis LOU ericc=e NGS teereene USO eee Oil peascn nes oees | eelctec ae IVA ea ae 3 
Peefs'scie LOS | ee s- 1 Ge lepRadac 96| Reece BO |Paeee cal eter ee a leewee ny Oaleaereoc 30 
a each 1 Aeeoare 235|..---.- 193 | creme 7) oe 12 ee AGE ee exe 26 
eee LO ee sate (et eae 190 | eames 125 Rees eee oe lecea st DAY | ape 40 
ee eR POU Meee hood Ola tcen| Wk tr 2olloaam |e har rOleeaces sl otOOl ae sei" O77 OOlb < psa 24.75, 
SS ars ANS Seieie O} Fe seee MW eesoeee Pd eines a aarnete Berea i eae ear 0 
eae (eee ee Weiseraae Weceates 1 Sa) |e Seca ee ene ligemene = 0 
Racer Ole eae 7) ere Ulegedees 11) |e i Se ee Dwele ss 2 
sane ok, PAPA Sam OSS | Rema Ob Sisersene UA ee ee OFGT I aera V56| eect 0.75 
8-13 34| 39- 2 153} 79-10 295) 29-8 TLD) 23) ees 12-14 50) 2-2 8 
20-11 74) 30-5 113} 30-1 102} 10-12 BO SES. oss |-eyeeee 7-12 26) 6-13 22 
56-14 202} 70-3 271) 29- 8 115} 16- 4 56) 33-12 117} 11-15 41; 10-6 36 
19-11 74, 9 4 36] 35-8 129} 22-8 Sl Roe. = | Pees 53- 2 195} 0-12 3 
21. 21 76.80} 37.22] 143.25} 438.67] 160.25} 19.75} 72.00} 33.75] 117.00] 12.24) 44.57) 5.02) 17.25 
0- 4 1) 0-0 o| 0-0 Oo} 0-4 SU ote ts,ol| raves 0- 9 3} 0-8 2 
0- 4 1} 0-4 1; 0-3 1; 0-10 3| Bees Vasa = 0-15 4) 0-12 3 
0-0 0} 0-0 0; 0-0 0} 0-0 oO} i-1 4, 1-0 5) 0-0 0 
0- 0 0} O06 2| 0-13 3} 3-10 TA Sa eee 8-11 35| 0-0 0 
0.10 0.40) 0.16] 0.75) 0.25) 1.00) 1.13) 4.50) 1.06) 4.00} 1.60} 6.71} 0.31) 1.25 
—————— —— 
0- 2 1 0- 0 Oo} 1-8 7) O-3 UN Seneca eoaeae 0- 4 1 0- 4 1 
0-3 1) 0-3 1; 0-8 2) 0-0 O) Sssores| Hecate 0-0 0} O-1 1 
0-14 4, 0-3 1) 7-14 38] 0-0 0} 0-14 4| 2-2 9} 0-4 2 
0- 4 2| 0-4 2| 12- 2 71; 0-5 Dl eres oc evele 10-12 55} 6- 1/4 44 
0. 29 1.60} 0.16) 1.00) 5.50} 29.50) 0.13) 0.75) 0.88} 4.00) 1.88} 9.29) 1.86] 12.00 
9- 3 36} 39- 2 153} 81- 2 302) 29-15 14 | eemecs aloe eee 13-11 54) 2-14 11 
21- 2 76| 30-12 115] 30-12 105) 11-6 10 COSTAE Dees 8-11 30| 7-10 26 
57-12 206] 70- 6 272) 37-6 153} 16- 4 56) 35-11 125} 15-1 55) 10-10 38 
19-15 76} 9-14 40] 48-7 203) 26- 7 Oe omneenl epee 72-9 285) 7-10 47 
21.60) 78.80] 37.53) 145.00! 49.42) 190.75) 21.00) 77.25! 35.69) 125.00) 15.71) 60.57) 7.19) 30.50 
Lea as 28 | feteeer WBMeiasoas 2Sil eer Tae secre [reel ns bi eae ABI. Mace 9 
Bete raylc iP Ree US |e 1O5|2eemee = CDA: ie a rae | Sees ell ee 20 | ae es 25 
eecee 18) Poeapee PA Renee 100|Beeesee SOEs sess 1.03 Berea Bi eas 25 
Hea oeee 60|Eee =. 28 |b eetos IPA eenenae BOs ee lemaee alee eae GT pe cece 34 
Bien ale 5AM se scel| IPA OBI ace ell apyeblne so) 7ELC@illss 224) ONO ese meaall Xebeetl oseneal i ORO 
Sah es 2 Bae etre Oot Sccee Ol meaes (1) ee are Ut eae Ne crea Sltemncac 1 
See Bl aezenes (7) aera (0) Beerce A eee ees alee taca|ecte ss i) bescade 3 
Saree i psesoee (0) eeeos OlbSs ase Oletge an (0) Bee eee OMe ence 1 
DDO aera laters Ole oe. OR eases W250 |Seec-e' (Uiseeseae 27 50s ase: 1.50 
52 27-1 105| 46-5 168} 16-12 Galas Seles eees 3-15 15 12 3 
84) 20-6 77| 16-11 59} 8-13 ol Sea os | ae x 11- 6 39] 4-1 14 
157) 40-1 156] 26-2 100} 14-0 52] 22-13 82] 10-9 38] 4-2 15 
41} 4-11 18} 16-13 64) 4-14 I eee | cee 30- 0 130) 0-0 0 
66. 80) 23.05) 89.00) 26.48) 97.75) 11.11] 41.00) 22.81) 82.00) 7.98} 31.71) 2.23) 8.00 
————$ —_—_————————_ | _ ee ee ee fF 
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Tasie III1.—Detailed statement of the annual performance of 25 representative lemon 


Total. July. August. | September.| October. | November. 
Rank in Table I, strain, 3 an 
grade, and season. Ss @ 5 en ee) & | 3 & a e | 3 ® 
ne a aS | srclos | Biron leer R= | fev rsh ee 
=a q 129 g ee q 2 q BD g 2 | 
(<2) 3 (<>) 3 i) = OD 3 OD i] Oo 3 
= Z i et ier a ew iis | em, | = 
121. Dense-Unproductive | 
strain—Continued. 
Tree-Ripe grade— 
191314 encores &- 0 39} 3-0 16] 0- 5) 2) O- 4 1} O-il 4 Lhe rea Pea 
LOV4=15 ss oa eee eee 6-12 27| 0-14 4; 0- 0 0} 0- 0 0} oO 0} 0- 0 0 
IG15=16eSscee eee ee 11-8 52] O- 4 1) 0-0 0} 0-11 4) 0-14 4! 0- 8 3 
INGA es aS 16-12 80] O- 9 3} 0- 0 0} 0- 0 0} 0-3 1) 0-4 1 
FA VeTAge essa ee 10.75) 49.50} 1.17} 6.00) 0.08) 0.50) 0.23) 1.25) 0.44] 2.00} 0.25) 1.33 
Cull grade— 
OVS = VAR eee ne ee oe 3-1 19} 0-6 3} 0- 0 0} 0- 0 0} G 6 7 Sets S| eee 
1QIA=15) Si cieeck oreo 2-14 16} 0-12 41 0- 0 0) 0- 3 1} 09 2|-0- 0 0 
ADDL Gererevee nee 21-1 106} 0-8 2) 0- 3 ij 1-1 6} 0-3 1} 0- 4 2 
LONGSI eee eecerce 20- 8 126) 0-5 2) 0- 8 41 0-0 0} 0-5 2| 0- 0 0 
IAVeLALC Se saee eee 11. 88 66. 75) 0.48) 2.75) 6.17) 1.25) 0.31) 1.75) 0.36) 1.75) 0.08] 0.67 
Total crop— i 
1G ee Se evens erie 135- 3 523) 16-12 69] 1- 5 6] 0- 8 2| 2-2 oer Seseeats 
19TH LS. eens atteoe 165- 2 605) 2-6 11] 0- 0 0} 3- 0 12} 42-12) 157/25- 0 89 
LOPS G Rss semis 222-13 865) 2- 6} 9) 0- 3 1) 2-13 14, 8&1 31/20- 4 76 
AUG HW en ee ees 115-14 522) 5-9 24] 0- 8 4) 0-13 3) 2-1 9} 4-10 18 
IAVCTAL Of =e = 
Variable fruits— 
AQIS = 14 re oer eee 
LOVAR V5 caterers 
LOLS HUG) sc: eee esses 
LONG 7s ot c= cl eee 
INVCTAL Clete stele see 
Average seeds per fruit— 


a ee 


PS, 


BUD VARIATION IN THE LISBON LEMON, 


49 


trees of the Lisbon variety for the 6-year period from July, 1913, to June, 1917—Contd. 


December. January. February. March. April. May. June. 

a ae ee eae | 
Ee A ie SII a Rie ee Ta ee 
CY E eC E = g bo g cy g bp | ‘Bb | 
s x = © =) — 5 i= 3 1 3 
eee ee oe se | Eee ee eae | Pere re |g 
0- 3 DieeO=0 al 0-10 0} 1-0 yA SS Bi lO 1-8 fil i 4 
0-0 0} 0-0 0} 0-12 3} 1-8 (HEE 2 ie are 1-4 5 26 9 
0-4 iW OS) 0} 0-0 0} 0-0 Ol 111 71 5-3 28\| De Tl 9 
0-3 il). veh 9} 0-9 Dla 13 |e aisalesoee © 10- 0 50} 0- 0| 0 
0.13} 0.80] 0.42) 2.25) 0.33) 1.25] 1.45) 5.75] 1.69] 7.00] 2.56) 12.14) 1.38) 5. 50 
0-8 3} 0-4 2} 0-9 31) os 4 Diegass\ ness st 0-12 4| 0-0 0 
0-0 Gi) Ge8 AA (Na ie 0-10 Oi aaae ere 0-10 4 0-6 2 
0-4 1) ei=13 10/ 11-3 55] 0-5 PAY Gd) Til) = Gali 12inO—8 3 
0- 4 Ol 04 o| 48 28] 0-0 (Tae oe ae ea 10- 0 54] 4-6 32 
0.20} 1.20) 0.64) 4.00] 4.09] 21.75} 0.14} 1.00) 2.12] 11.00) 2.01] 10.57} 1.31) 9.25 
14-5 57] 27-5 107} 46-14 171) 18-0 69] Pics [dE ete 6- 3 26] 1-13 7 
Tey) 84] 20-10 79| 17-9 63} 10-5 | ae ae ae 13- 4 48| 6-13 25 
43-14 159] 41-14) 166] 37-5] 155] 14-5 54| 26-10] 100] 18-7 73| 6-11 27 
11-4 44| 6-10 29} 21-14 94, 8-3 81a ae en aes: 50-0] 234, 4-6 32 
18.58} 68.80] 24.11) 95.25) 30.91] 120.75] 12.70] 47.75] 26.63] 100.00) 12.55] 54.43) 4.92] 22.75 

he le Sel G4 eee te 193 |B tss 5A Se erase [ne ge 1Sisene 5 

aa MSieeeae. ils eee 63laeeetee S| aes (eee Ga Be 2 8 Ad ee ogee 23 

eat. Ty Saheaee Ys Reese Soe S8iC eae 26st (9 eee 40k oes 19. 

en as Shae eS TEM Ea ee Gil wee TPA agree eal incey Aegis [atvetS age 104 hese 20 

BP cote SON 80). 5.3 —2 FESOFA ees RS 85. 00|......- Cy Ai eee ON 00 eee STAI ies See 16. 75 

pea te Al omees es Mabe al) Blea Nees Al rete cares al Scie: (| Beatie 3 

peeiteen* i Wa eee OH ele CU ie iat Clea a ewe a, ee 2 Baar 3 

pa ies Oleeeees 11 Dees 7 eee (NS oeane 1a i ete ee 3 

ee ROO Resear mer S0 ee seaeeline 1S° SSIs ce ma Dae cee ale) OneBlsocn cee: 2b6loneecct 3518. 


137435°—20—Bull. 815-4 
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Tasie 1V.—Number of variable fruits of different forms produced during the investiga- 
tional performance-record period on the 25 individual lemon trees of the Lisbon variety 


listed in Table III. 


[These data are forthe 4-year period from July, 1913, to June, 1917, 
the trees of the Bull strain are for the 3-year period 


belongs being indicated by abbreviations, as follows: B= Bull, 


inclusive, except that the records for 
The several 
trees are designated by numbers denoting their rank (as shown in Table II), the strain to which each 


from July, 1914, to June, 1917, inclusive. 


DU= Dense-Unproductive, L= Lisbon, 


O= Open, S=Sporting.] 
Tree designations by rank and strain. 
Description cf fruit 
variations. 
1, L. | 5, B. | 6, L. | 10, B.| 13, L.| 17, L.} 22, S.| 24, B.| 26, L.| 29, O.| 39, O.| 50, O.| 57, B. 
(Collaredaea a aeeeee 1,976 |1,828 |1, 746 |1,850 |1,633 |1,927 |1,252 |1,415 |1,513 | 931 |1,007| 897 | 1,324 
ard blossom 
a eee 598 393 697 | 356 535 505 | 425 501 427 264 337 254 367 
Collared and pro- 

HBCUTS. soon poses 1,216 | 734 |1,087 | 601 |1,148| 804] 788 | 762] 667] 481] 451] 397 610 
Bottle shape......--- 109 3 54 6 93 33 ON) |labosoc 21 44 61 62 if 
Raised section. ....-- OU as ees AQ eee: 10 18 12 2 13 il 2 5 8 
Raised ridge........- 49 29 57 37 48 39 54 43 40 32 14 20 32 
Ridgedge en eee 90! 134] 11! 121 81! 196) 235! 150} 141 51 36 49 167 
Ridged and collared.| 70 43 64 49 76 | 108) 610 40 36 33 36 29 77 
Ridged and protrud- : : 

Tn Ohta cee eens 41 26 63 36 38 80 56 29 45 8 5 15 24 
Ridged, collared, 

and protruding. aac 55 4l 70 36 52 70 160 56 22 7 12 4 58 
Sunken section.....- Sul ise 6 1 5 5 1h, 3 3 Ade s2el 1 1 
@reasedas oe eee 23 22 36 PAO) |] il 7/ 40 14 16 43 23 23 18 33 
White section...-..-- Tee Ue taeda Se ela cee ates Salinger ee 1 eS eee an ooadl Ast ae Sa seee 
StTipede tees. se | aoe 1 DalleaBeae 1 9 alana Uiiloe asso sane lsoooen 30 
Striped: Sectiowies les ce ASSES Pee | ceo era 5 FE oe oe ge rece Patera gee [eee 2 
URTD eG ke a eee eC | ee 11 1 2 2 95 1 Ae ah See eel lb cee 1 
Corrugated......---- GE eee 13h soa: 15 Teo BD) oasess @ Jee oesalsocensooacsell 60 
Abnormal shape. ---- 5 3 4 1 1 2 2 2 3 1 1 1 1 
Miscellaneous varia- 

1ONSSa- coke Se 8 26 17 27 14 14 25 31 200 eee Ol sereerse 25 
GNGAls sss sdecce 4, 259 |3; 283 |4, 060 |3, 142 |3, 769 |3, 869 |4, 805 |3, 051 |3, 012 |1, 890 |1,991 |1, 752 | 2,832 
Percentage of 

total crop..-.-| 36.7 | 43.3 | 39.2 | 42.7 | 36.2 | 39.3 | 50.6 | 44.9 | 32.8 | 19.9 | 22.2 | 19.5 48.0 
Tree designations by rank and strain. 
Deschipuion of fruit varia- 
ions. 
59, 0.| 67, 0.| 75, O.| 76, L.|81,8.|85, 0. 93,0.) 1B! | 16% | are | pag. | pap 
Collared ac ass eee anise 889 | 626] 677] 719 |1,251| 450] 754} 363] 367) 817] 473 266 
Protruding blossom end.. 249 | 247] 253] 279] 498) 826) 120) 151) 154 12° 8 5 
Collared and protruding....| 471 | 306 | 316] 382) 740] 514] 318} 105 85 2 6 29 
Bottle shape..............- AT 52 36 46 63 4) 106 11 25] 183) 156 150 
Raised section........-...- 5 5 5 3 10 5 | eee 1 3 31 1 
Raised ridge............... 25 20 20 12 75 20 13 6 4 68 45 21 
Ridgedsen es aa jas. feenes 39 42 30 36 | 168 68 44 22 25 | 378) 370 281 
Ridged and collared........ 30 23 17 30) 151 18 21 7 2 |1, 403 |1, 318 942 
Ridged and protruding. . 14 11 15 13 30 32 7 15 da 2) 1 1 
Ridged, collared, and ‘pro- 

trading nists aoe cies 7 8 6 11 68 5 5 2 2 2 6 6 
Sunken section............. 1 2 Wleesaas 8 ley (escek ALA ER eae 2) 4 3 
@reascd eee iio ee oenne 30 18 il 15 12 21 20 10 7 23 8 9 
B's" ob eves( +161 F (0) 0 eee en | (Rie eee ES Ae a eo Mee dle Gi Selleaese olGodeoalloacooc|laseoodllocdacdlocdens 
Striped sie wa aneemcais ecie IL | Pee eA a pa Rees renee ey inte) Ie UL 27 2 1 
Striped section. .......-....|.2.... ib ee eee a ee BODE Se ei ES et | a a | ea pce 
184111 6) oY 10 leas els SIC ol tay Scat URN. al pares eal TAL COR eae ul feels geal cae Neal Loren, 9 9 12 
Corrugated sas. 2 cea e ee aoe ec a eee al beeen leone V5 2 yoke FSi Se a es ee |e eee 3 Qi ae 
Abnormal shape.........-- Sy) ||o caeee 2 2 1 Ai oe 2 5 6 2 2 
Miscellaneous Variations... - 2 4 5 2 23 9 2 4 3 16 8 5 

A OL alee ee seeeeere 1,813 |1,365 |1,394 |1, 550 |3, 268 |1,977 |1,415 | 699 | 691 [2,956 |2,449 | 1, 734 
Percentage of total : 
CLOD 2 senices nese eae 16.1 | 17.2 | 20.2 | 47.7 | 25.6 | 18.8 9.6 | 11.3 | 70.4 | 73.4 68. 9 


The collared and ridged forms recorded for the trees of the Dense- 


Unproductive strain are characteristic of that strain. 


They vary 


somewhat from the fruits on the other trees listed under the same 
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designations, but have been recorded under the same names. The 
fruits of the Bull strain are typically somewhat collared and inclined 
to be ridged, but only the fruits which showed those characteristics 
in a marked degree were recorded in those classes during these studies. 
The trees of the Open strain produce less fruit of these fluctuating 
forms than any of the other strains of the Lisbon variety which have 
been studied. 

In Table V are recorded the dates on which each picking was made 
from the trees in the Lisbon study plat during the four years, July, 
1913, to June, 1917, inclusive. An attempt was made to obtain the 
picking records at intervals of 30 days. Unavoidable delays, how- 
ever, were sometimes occasioned by unfavorable conditions of 
climate, by interfering periods of irrigation, or by other causes. Un- 
favorable weather conditions during the winter season often delayed 
the progress of the work from a day to several weeks. At four times 
during the period from July, 1913, to June, 1917, it was impossible 
to make a picking at the proper time. In April, 1915, owing to cer- 
tain conditions in the orchard, it was thought best to begin the pick- 
ing from the side of the plat opposite to that which had been the 
previous practice. This made about a 30-day interval between the. 
first trees picked at that time and an increasing interval up to nearly 
two months for the rest of the plat. The trees picked first were 
credited with an April yield, but with no picking in May. The trees 
picked during the latter part of that period were listed with a crop in 
“May, but with no picking in April. 

TaBLE V.—Dates on which fruit was picked from the lemon trees of the Lisbon variety in 
the investigational performance-record plat from July, 1913, to June, 1917, inclusive. 


[When this plat was selected the trees had not been picked for about five weeks, so the records were begun 
on them at once and credited as the July crop.] 


First and last date of each picking period. 


Month. 

1913-14 1914-15 1915-16 1916-17 
MMM Mee wor sete ciseci ae June 27 to July 2..| July 15 to 20.......| July 3 to17........| July 20 to 25. 
PRMIPTIS Ue cise siete = eine ateie Aug. 13 to16...... Aug. 18 to 21.....- Aug. 10 to 13.5... - Aug. 21 to 26. 
Septem pera. -.--5------ Sept. 13 to 17.....- Sept. 22 to 25...... Sept. 9 to 14....... Sept. 26 and 27. 
OCTOBER a te seas eosacee Oa PY Oe Yeses see OGin Adi yeI Eos aes Oct. 12 to 14.......| Oct. 23 to 25. 
NOMEN O tAe seeEaaTead eae Rae eee see nee Nov. 23 to 28....-.-. Nov. 11 and 12....| Nov. 20 to 22. 
WECEMUDEL ee sees eo oe IDEs Sug saonebs Dec. 23 to 30....-.- Dec. 10 t015....-- Dec. 20 to 24. 
IGT ERIE hy a aera ee AT iGOM Obes os re Jan. 15 to Feb. 1 ..| Jan. 7 to 20.......- Jan. 22 to 25. 
HIGOTIIALY ce cece cnet Feb. 16 to Mar. 6..| Feb. 24 to Mar. 3..| Feb.8to14....-..- Feb. 23 to 28. 
WES 1S eee eet Mar. 24 to Apr. 2..| Mar. 17 to 25...... Mair Sh OMlsiey ees Mar. 28 to Apr. 5. 
JATOTE eee HSS REISE HR Val BE a ey eee) Nine ed) oi a iar IGT RM GS AB se 
IMB Viens fercisicrcar saicleisere/s WER RK) IB eae Apr. 27 to May 10a.| May 10 to 13.....-. May 15 to 18. 
UNINC era) -\- secs /tecs cr + Waters tOlS =. = Afibbels\ 7410) t)5 See soe June 2t056._....- July 6 to 7.c¢ 


@ Owing to delay caused by irrigation and cultivation the order of picking the trees was here reversed 
and the new order was followed in all subsequent work. The trees which were picked on March 25 at the 
end of the March picking were picked again on April 27, while those picked on March 17 were not picked 
again until May 10. 

b The 15 trees on the western section of the plat were not picked until June 19 and 20. 

: sere 15 Te on the western section of the plat were not picked in April or May, but were picked on 
une 18 and 19. 
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Table VI presents the average annual yield of the lemon trees of 
the various strains of the Lisbon variety in the investigational plat, 
showing their total crops and the yields of Green, Tree-Ripe, and Cull 
fruits. Figure 4 shows these data graphically, and the percentage of 
fruit of each grade is shown in Table VII. The Lisbon strain is seen 
to be the most productive one. The Bull strain is very nearly as 
productive and bore a higher proportion of green fruit, but the lower 
quality and poor appearance of the fruit of that strain make it much 
less desirable than that of the Lisbon stram. The low average of 
the Dense-Unproductive strain and its high percentage of Green-grade 
fruit is particularly noticeable. very tree of this strain produced 
more fruit of the Cull grade than of the Tree-Ripe grade. The fruit 
borne by the trees of this strain is of very little value commercially. 
The trees of all the strains except the Open strain are characterized 
by a dense or semidense habit of growth, and the effect of this con- 
dition is reflected in the percentage of fruit of the Cull grade produced 


TALES TOL OFOP : GRLZWV GRADE TREPAHIE GRY CYL GRADE 


00 HOMES PPOUDLEIM GE, O82 (SEE EE TE | SSL SF ETE OS 72677! 27078 
(PEDECHVE OF STRAY) 
22 L/SEAV STH O38, EF CELE EEE SE O/ TE TE ae &4/S@B 50648 
WU LLL STAY CLG OEE LEE SOS. 5.2? ITE TE TIED 7707; ‘7726 
FS SOOZTIUVE STAAL AAO ED LE 7 ETD 5207 725/ @ 
“2 EV7UE FLAT PLC? EE AAT 932/ GB 72959 
B . 
77 OLE STAZU/AC LLCS CTS FOB) 7 ED, S06 Mmmm SESS 
00 LOWEST” HODLCING JO Eee 2.7 e738 “7706 
(RRESPLCTI VE OF STRAY 
O LU UPROT VE STRAW ZS, 7 5 (56.32 ee LLM eS | 


Fig. 4.—Diagram showing the average annual total cropsand the weight of fruit of the different commer- 
cial grades produced by the trees of the several strains of the Lisbon lemon occurring in the investiga- 
tional performance-record plat during the 4-year period from July, 1913, to June, 1917, inclusive. The 
data for the trees of the Bullstrain and three other trees, as indicated in Table I, cover only three years. 
The strains are ranked according to the weight of their average total crops. 


by the trees of the different strains. Table VII shows the trees of 
the Open strain to have had 11.8 per cent of fruit of the Cull 
grade, the next highest proportion, 5.16 per cent, bemg borne by the 
trees of the Dense-Unproductive strain. 

The last two columns of Table VII show the average number and 
percentage of variable fruits produced by the trees of the different 
strains during the performance-record period. While all except the 
Open strain are shown to bear very large percentages of fruit of 
variable forms, the greater proportion of them on the trees of the 
Bull, Lisbon, and Open strains are of the fluctuating type previously 
described. The fruits of the Dense-Unproductive strain are prac- 
tically all of forms characteristic of that strain, and the trees of the 
Sporting strain produce a relatively large percentage of fruit which 
differs very markedly from the typical fruit of the variety. Figure 
5 shows graphically the variations between the different strains in the 

* percentage of variable fruit produced. 
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Taste VI.—Average annual crop of the individual lemon trees of several of the important 
strains occurring in the investigational performance-record plat of the Lisbon variety, 
ranked according to the weight of their average total crops. 

[This is a summary of data for the 4-year period from July, 1913, to June, 1917, inclusive, except that the 


data for the trees of the Bull strain and three other trees, as indicated in Table I, cover only the 3-year 
period from July, 1914, to June, 1917, inclusive.] ; 


Average annual production per tree. 


Num- Total e aa ae Tree-Ripe aioe hs 
ber of | Description of trees. EU ela Sioa eran. grade. Cull grade. 
trees 

Pounds.| Number. |Pounds.| Number. | Pounds, pha Pounds. Num 


10 | Highest producing (ir- 


respective of strain)...| 692.15 | 2,614.03 | 592.45 | 2,147.05 | 72.67 | 302.08} 27.03 | 164.90 

Dan MWISHOMISUTAIM a. 2 cece. < 638. 63 | 2,482.99 | 523.61 | 1,925.63 | 84.15 | 363.27 30. 84 194. 09 
Diet Stra och cus oases ac 629. 70 | 2,307. 79 | 565. 52 | 2,020.21 | 47.04 | 187.85] 17.14 99. 73 
3 | Sporting strain.......-. 544. 40 | 2,032.75 | 471.47 | 1,703.50 | 53.02 | 209.33 19. 91 119. 92 
12) Entire plat... 5.55.65... 491.68 | 1,994.11 | 354.47 | 1,304.37 | 93.21 | 412.48 | 43.99 | 277.26 
fie (BODEN SULAIN ee. 2 Sass: 479.08 | 2,012.22 | 308.17 | 1,142.07 | 114.36 | 512.05 | 56.55] 358.10 


10 | Lowest producing (ir- 
respective of strain)...| 240.75 957. 80 | 192. 78 712.40 | 30.87 | 139.75 17.10 105. 65 
8 | Dense - Unproductive 


SHAMIM e see ros acinace ee PS TG) 822.84 | 195.32 718. 44 9.30 39. 12 11.14 65. 28 
TPEES AEPCEIVIAGE OF VAHAELE FXHUMTIS 
77 GQW STA4AIV MEO? EEE 
121 LIVE FLAT CEE? TERE a a 
22 LISBOW ST724/V 425 EEE Es 


JO HIGHEST 2ODUING F790 Cs 


(RRESPECTWVE OF STHALAD 


SORTING STRUM A705 CREE BE RS Ae aa ae ee 
4/60 BULL STPAUN ALCO FREE ee Oe a 
10 LOWEST” PROKIOWNG SA 7/ EEE Ce ee eD 


(RPRESPECTHLE OF STAN 
O LM MAROON SURAUN 7227 
Fic. 5.—Diagram showing the percentage of variable fruits of the Lisbon lemon occurring on the trees of 
the different strains in the investigational performance-record plat during the 4-year period from July, 


1913, to June, 1917, inclusive. The data for the trees ofthe Bullstrain and three other trees, as indicated 
in Table I, cover only three years. The proportions are based on the number of fruits produced. 


TasiE VII.—Production of fruit of the three different grades and of variable fruits picked 
from the lemon trees of the several strains of the Lisbon variety in the investigational per- 
Jormance-record plat during the 4-year period from July, 1913, to June, 1917, inclusive. 


[The strains are ranked according to their proportion (by weight) of fruit of the Green grade.] 


Percentage of weight of 


total crop. Variable fruits. 
Num- z = 
pens Description of trees. ede Average 
3 : Green me Cull yearly Per 
grade rad 5 grade. | number |} cent. 
8 i per tree. 
8" Dense-Unproductive strain........-....2-.---.----- 90. 53 4.31 5. 16 594. 56 72. 27 
{SS BullStrain 220267 = Bg He ape a aaa ays eae Bell eters! 7.47 2.72 | 1,098.67 47.60 
So PO POGUIMOPS Dene nee ees ee seas oe ee eee 86.60 9.74 3.66 956. 50 47.05 
10 | Highest producing (irrespective of strain).----......] 85.59 10.50 3.91 990. 60 37.90 
Pom UISHOMStLAMN ates cop eet oN) Son. caso aamas 81.99 | 13.18 4. 83 853. 02 34.35 
10 | Lowest producing (irrespective of strain).........-.. 80.07 | 12.82 7.10 524. 00 54.71 
cei SL OMT rh S)] 0 M2 oe ae lr en ee SO 72.09} 18.96 8.95 536. 26 26.89 
77 | Open strain..... ee eee et fo Sa cis See eee 64.33 | 23.87 | 11.80 382.75 19.02 
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Table VIII and figures 6, 7, and 8 show some of the recorded varia- 
tions in season of production of fruit of the Green and Tree-Ripe 
grades by the trees of the various strains in the Lisbon study plat. 


These figures include the records for the 3-year period from July, — 


1914, to June, 1917, inclusive, instead of for the entire four years, so 
as to make the data more closely comparable with the similar studies 
on the Eureka variety.t. Pickings were made each month during these 
three years except in April, 1915, and again in April, 1917, as shown 
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Fa. 6.—Diagram showing the percentage of the total yield of fruit of Lisbon lemons ofthe Green and Tree- 
Ripe grades, by weight, which was produced each month by the trees of the various strains in the in- 
vestigational performance-record plat during the 3-year period from July, 1914, to June, 1917, inclusive. 
The strains are arranged from left to right in the order of their rank for total production, as shown in 
Table V. 

in Table VY. No picking was made from the 14 trees in rows 56 and 

57 in April or May, 1917. Although it was certain that at that season 

the amount picked from the trees was not equal each month, the only 

possible procedure was to credit the fruit equally to the months in 
question. 

The size of the picking ring used for fruit of the Green grade during 
the 4-year period is shown in Table IX. The fruit of the Tree- 
Ripe grade was usually ‘‘cleaned up’ in April and May in this 
orchard. 


1 See U. S. Dept. of Agriculture Bul. 813, entitled “Citrus Fruit Improvement: A Study of Bud Varia- 
tion in the Eureka Lemon.” 
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Table VIII shows the average monthly production of fruit of 
the Green and Tree-Ripe grades by the trees of the various strains 
and also presents these same data in terms of monthly percentages 
of the average annual production of each grade. In this latter 
form the data for the various strains are directly comparable, 
showing the variations between the strains in season of bearing. 
These variations are more clearly presented in figures 6 and 7. In 
figure 6 the monthly percentages of production are grouped by strains. 
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Fig. 7.—Diagram showing the percentage of the total yield of fruit of Lisbon lemons ofthe Green and Tree- ~ 
Ripe grades, by weight, which was produced each month by the trees of the various strains in the in- 
vestigational performance-record plat during the 3-year period from July, 1914, to June, 1917, inclusive. 
These are the same data that are presented in figure 6, being here rearranged to show more clearly the 
variations between the different strainseach month. Thestrains are listed from left toright in the same 
order as in figure 6. Arrangement of strains: 1,10 highest producing trees; 2, 22 trees of the Lisbon 
strain; 3, 11 trees of the Bullstrain; 4,3 trees of the Sporting strain; 5, 121 trees—entire plat; 6, 77 trees 
of the Open strain; 7, 10 lowest producing trees; 8, 8 trees of the Dense-Unproductive strain. 


The trees of the Lisbon strain are shown to have borne most heavily 
of fruit of the Green grade in January, February, March, and April, 
being at their maximum in March, although Table V shows that 
the interval between the February and March pickings in 1915 was 
only 21 days and Table IX shows that the picking ring was increased 
in size in March, 1916. The trees of the Bull strain produced the 
largest crops of the Green grade in December, January, February, 
and March, being at their maximum in January, a condition partly 
due to the fact that, as shown in Table IX, the size of the picking 
ring was reduced in that month in two of the three years, although it 
was increased in size in that month in the third year. The trees of 
the Open strain bore most heavily of fruit of the Green grade in 
February, March, April, and May, being heaviest in March, like the 
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trees of the Lisbon strain. The trees of the Dense-Unproductive 
strain bore the most of their fruit of the Green grade from October 
to February, inclusive, yielding their heaviest crops in December 


and January. 

Taste VIII.—A verage yield and percentages of total yield of fruit of the Green and Tree- 
Ripe grades picked each month from the lemon trees of the various strains of the Lisbon 
variety in the investigational performance-record plat during the 3-year period from 
July, 1914, to June, 1917, incluswe. 


[Thestrains arelisted in the order of their total-production rank for 4 years, as shown in Table V1.] 


. Num- 
Description oftrees. | berof|July.|/Aug.|Sept,| Oct.|/Nov.|Dec .| Jan. |Feb. | Mar. |Apr. |May.] June.| Total. 
trees. 
PRODUCTION (IN 
POUNDS) AVERAGE. 
Green grade: 
Highest producing 
(irrespective of 5 
Sep) 55 Soon eo ASS 10/18. 52) 5. 55) 3. 60/35. 34/35. 81/66. 23/89. 05/96. 45/101. 42/70. 81/50. 37) 26. 60) 599. 75 
Lisbonstrain....... 22/21. 95) 5. 84! 2. 86/18. 23/20. 40/45. 65/74. 42/88. 79| 94. 85/72. 71/60. 03) 27. 11] 532. 86 
Bullstrain......... 11} 6.95} 5. 10} 6. 08/56. 13/58. 09/89. 16/96. 35/77. 12) 74. 42/56. 04/22. 60) 20. 82) 568. 85 
Sporting strain. ...- 3/11. 92) 3. 94] 6. 53/33. 63/32. 17/61. 76/90. 83/68. 14] 71. 63/60. 25/30. 41) 23. 50) 494. 72 
Entire plat.-....... 121/21. 42] 7. 49] 3. 33/13. 23/14. 26|27. 57/40. 03/50. 05] 57. 28/49. 27/39. 01) 24. 75) 347.71 
Open strain......-- 77|25. 57| 9. 20) 3.06} 3. 85] 4. 77/11. 60|20. 81/36. 45] 47. 46/44. 22/38. 31] 26. 85) 272.16 
Lowest producing 
(irrespective of 
Sihail) peecseeeeer 10] 5.68) 2.31! 2.38/18. 90/17. 90/28. 53/29. 67/27. 57) 19. 48/20. 76)15.37| 7.33] 195. 87 
Dense - Unproduc- , 
tivestrain.......: 8} 3.44) .17) 2.31/23. 19/21. 65/34. 09/33. 98/30. 45) 19. 53/19. 99/13. 80} 3.95} 206. 54 
Tree-Ripe grade: 
Highest producing | . 
(irrespective of : | ; q 
Strain) Peereecce 10] 6.26) 2.93} 2.07] 1.91] 1.33] 3.90} 9.32/13. 67} 13.05/10. 68/10. 58] 8.10) 83.79 
Lisbonstrain....... 22) 9.67} 2.96] 2.59) 2.63] 1.32) 3.84) 9. 16/13. 66] 13. 32)15. 52/16. 50} 9.31) 100. 50 
Bullstrain......... 11} .95) .80} 1.09 59] 1.11] 4.22) 8.15} 6.92) 7.01] 7.73) 4.23) 4.24) 47.04- 
Sporting strain. .... 3} 3.99} 2.19] 1.63] 1.33] . 74) 2.58} 6.68) 6.27] 10.42) 9.44) 8.06} 9.53) 62.85 
Entire plat......-.-. 121] 8.16} 4. 85] 4.99] 4. 431 2. 03) 3. 69] 8. 69/10. 28) 13. 07/19. 86/15. 94] 9.35) 105.33 
Openstrain........ 77| 9.67| 6.57| 6. 86] 6.03] 2.60) 3.97] 9.53/10. 92} 15. 16/25. 10/19. 15} 10.97] 126. 54 
Lowest producing 
(irrespective of 
strain) sees oes 10} 2.58) 3.63} 1.42} 1.22) .38) .60) 2.18) 1.90) 3.21] 7.39] 5.74) 3.40] 33.66 
Dense - Unproduc- 
tive strain....... : 8} .93] .04| .26) .36) .15) .16) .71) .97| 1.56) 1.89) 2.57; .86] 10.45 
PERCENTAGE OF WEIGHT 
OF TOTAL CROP.! 
Green grade: 
Highest producing 
(irrespective of 
Sinan) ee eee 10! 3.1 9 -6| 5.9! 6.0} 11.0; 14.8] 16.1! 16.9) 11.8 8.4) 4.47 168 
Lisbon strain....... 22); 4.1) 1:1 -5| 3.4] 3.8] 8.5) 14.0] 16.7) 17.8) 13.6} 11.3 5.1 21.6 
Bullistraines=ss5o5 11) 1.2) .9) 1.1] 9.9] 10.2) 15.7) 16.9) 13.6) 13.1) 9.8) 4.0) 3.7 9.8 
Sporting strain. .... 3] 2.4) .8! 1.3] 6.7] 6.5} 12.5] 18.4) 13.8) 14.5) 12.2) 6.1) 4.8 14.1 
Entire plat......... 121] 6.2} 2.2) .9| 3.8) 4.1) 7.9] 11.5] 14.4) 16.5) 14.2) 11.2) 7.1) 26.7 
Openstrain........ 77| 9.4| 3.4] 1.1) 1.4) 1.8) 4.3] 7.6] 18.4] 17.4) 16.2) 14.1) 9.9) 36.8 
Lowest producing 
(irrespective of 
Strain) eee cee 10} 2.9) 1.2} 1.2) 9.6) 9.1) 14.6) 15.1] 14.1) 10.0) 10.6) 7.8}. 3.7) 15.6 
Dense - Unproduc- , 
tivestrain........ 8 1.7 -1] 1.1] 11.2] 10.5) 16.5) 16.5) 14.7 9.5) 9.7) 6.7 1.9 10.4 
Tree-Ripe grade: 
Highest producing 
(irrespective of 
SET ALM) Pees epee 10} 7.5) 3.5) 2.5) 2.3] 1.6] 4.7) 11.1] 16.3) 15.6) 12.7) 12.6} 9.7) 33.3 
Lisbon strain....... 22} 9.6) 2.9) 2.6} 2.6} 1.3) 3.8] 9.1] 13.6) 18.3] 15.4) 16.4; 9.3 38. 2 
Bullstrain......... 11} 2.0) 1.7} 2.3) 1.3] 2.4! 9.0) 17.3) 14.7; 14.9) 16.4) 9.0) 9.0} 21.7 
Sporting strain. .... 3) 6.4) 3.5) 2.6) 2.1) 1.2) 4.1} 10.6} 10.0} 16.6) 15.0) 12.8} 15.2 37.9 
Entire plat......... 121) 7.7} 4.6] 4.7] 4.2) 1.9} 3.5) 8.2) 9.8) 12.4) 18.9) 15.1 8.9 36.3 
Openstrain........ 77| 7.6| 5.2) 5.4) 4.8] 2.1) 3.1) 7.5} 8.6) 12.0) 19.8] 15.1) 8.7 36.6 
Lowest producing 
(irrespective of 
Strain) Ss4-- eee eee LO! aver LOSS |) 24521 ONG om lel kes |mabs | meand 9. 5) 21.9] 17.1) 10.1 45.7 
Dense - Unproduc- 5 
tive strain.......: 8} 8.9) .4) 2.5) 3.4] 1.4) 1.5] 6.8 ae 14.9} 18.1) 24.6; 8.2) 42.1 


1 Theseason percentage is calculated on the production for the 4 months, May to August, inclusive. 
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Taste I1X.—Diameter of rings used in picking fruits of the Green grade from the lemon 
trees of the Lisbon variety in the investigational performance-record plat during the 
4-year period from July, 1918, to June, 1917, inclusive. 


Diameter of picking ring for | Diameter of picking ring for 


Green-grade fruit (inches). Green-grade fruit (inches). 
Month. Month. Ee EBs 

1913-14 | 1914-15 | 1915-16 | 1916-17 1913-14 | 1914-15 | 1915-16 | 1916-17 

— — os —|! ee 
IHW S4s5ee2 52 359e Qf 25 2 23¢ || January...---..- Qa 25 2ofy 218 
August....-....- yee 235 285 232 || February.-.-.-.-. 28; 278 285 246 
September.....-- ane 28, 240 220. || Marchi sccm cicanie ane 2n9 243 238 
Mctobete= 25... - 7) 28, 220 Deol | WAM Peseta wets sta Meee seer oe a SO ee SAC 
Novernber 5.2 .|-./....-. 210 2z¢ Axa || May occenaccsce ox 212 ane 285 
December.....--. 239 2 70) Qe ||| UUM ete senate eine 22; 22 gre 23, 


In figure 7 the data are rearranged to show more clearly the varia- 
tions between the various strains during the different months. The 
differences would be best illustrated by representing the production 
for each strain by a curve, but on account of the nature of the resulting 


VAT OF NOK AC AN AE SOAR AH S47 SME LY ACC: 


Fic. 8.—Diagram showing the percentage of the total crops of fruit of Lisbon lemons of the Green grade 
which were produced each month by the trees of the Lisbon, Bull, and Open strains in the investigational 
performance-record plat during the 3-year period from July, 1914, to June, 1917, inclusive. 


curves it was impracticable to represent them all clearly on a single 
small-sized chart. In figure 8 are shown curves for the monthly 
production of the Green-grade fruit from the trees of the Lisbon, 
Bull, and Open strains, illustrating their variations during the sea- 
son of heaviest bearing. 
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Further study of the seasonal variations in production from the 


east and west sections of the investigational plat is afforded by 
Table X, in which the total production at each picking period, 
including the fruits of the Cull grade, is expressed in terms of field 
picking boxes. It is interesting to study this table in the light of 
the data presented in Tables V and IX, showing the picking dates 
and the sizes of the picking rings used for fruit of the Green grade 
throughout the period during which these records were obtained. 
Such study will show the reasons for the variations stated in Table X, 
which at first appear to be incorrect. For example, during the 
first three years there is recorded a very heavy increase in yield from 
December to January, notwithstanding that Table V shows that the 
intervals between those pickings were less than 30 days. In 1916-17 
there was a decrease in production at that period, although the inter- 
val between the pickings was 33 days. The explanation is found in 
Table IX in the use of a ring of a smaller size for the January picking 
during the first three seasons and the use of a larger sized ring in 
January, 1917. - : 

TasLe X.—Total fruit yields of the lemon trees of the Lisbon variety in the investiga- 


tional performance-record plat for each month during the 4-year period from July, 1918, 
to June, 1917, inclusive. 


[The yields are expréssed in terms of the number of field boxes offruit. Records on 14 of thetreesin the . 


west section of the plat were begun in July, 1914. Eleven of these trees were ofthe Bull strain.] 


Number of field boxes offruit produced. 
S 
Month. East section of plat, 106 trees. West section of plat, 15 trees. 
1913-14 1914-15 1915-16 1916-17 1914-15 1915-16 1916-17 
Aly eerste ace 614 434 184 594 2 63 4 
PAP USC epee 323 125 733 120 oes Seieeee 34 4 
September......- il 152 | 66 113 62 3 2 
October......-..- 46 48% 26 27 36 24 14 
INOW] Xe ooeeaconllsaaaenceaece 473. 22 21 194 92 253 
December........ 60 79 57% 53 20 244 294 
Januanyeeseeseeee 200 179 1052 454 48 36 164 
February......... 409 2064 113° 192 28 274 344 
Manche eeee ere 204 246 1132 235 39 25 28 
PATO TU t 2 ee eee a Nel eae ae sae | eee ee ae a0) | ees eee 294 Se loeentocet ee 
BYR eh cea 186 479 1172 BO7E eee ee lee sone oa Ae 
JUNES eve sees se 70 237 883 573 25 104 353 
MGMosscose 1, 279 1, 5944 1, 1084 1,111 2533 195 190 
Heaviest....-..-. February -| March..... April...-.. March....- January..-| January.-..| February. 
Inch testaeeee eee September| August....| November] September] July.......| October...| August. 


Similarly, Table X shows a decrease in yield from February to 
March, 1914, with a picking interval of 36 days, and practically no 
change in the production for that period in 1916, with a picking inter- 
val of 30 days, while there was an increase in the crops for that month 
in 1915 and 1917, with picking intervals of 21 and 33 days, respec- 
tively. Table [X shows that a change was made in March, 1914, and 


a 
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1916, to a picking ring of a larger size, while in 1915 and 1917 no 
change was made at that time. 

The variations in the production of fruit of the Green and Tree- 
Ripe grades by the trees of the various strains is very forcibly illus- 
trated in Table XI. The average yield for the 3-year period as given 
in Table VIII is calculated to the acre basis and expressed in terms 
of packed boxes. This indicates a yield of 585 packed boxes per 
acre by the 10 highest producing trees, as opposed to 196 packed 
boxes per acre by the 10 lowest producing trees. The trees of the 
Lisbon strain show a production at the rate of 542 packed boxes per 
acre, while the trees of the Dense-Unproductive strain would have 
borne only 186 packed boxes per acre. The average yield of the 10 
highest producing trees was 51 per cent higher than the average for 
the entire plat, while the average of the 10 lowest producing trees 
was only 48 per cent of the average of the plat as a whole, or 32 per 
cent of the average produced by the 10 highest yielding trees. 


TaBLe XI.—Annual yields and calculated production per acre of fruit of the Green and 
Tree-Ripe grades picked from the lemon trees of the various strains of the Lisbon variety 
in the investigational performance-record plat for the 3-year period from July, 1914, to 
June, 1917, inclusive, as shown in Table VILL. 


Average annual production, 3-year period. 


ane Production pertree| Calculated production per 
ber of Description of trees. (pounds). cCHe pauls dU OxeS)- Percents 
trees. age of 
average 
Green oreo Green Tee Total of plat. 
grade ge grade ge olan: 
grade. grade 
10 | Highest producing (irrespective 
ONS THAIN) Bec n genes hae Sones 599. 75 83. 79 513. 12 71. 69 584. 81 150. 88 
APMIS HONIStLAIN 3). 2. Sosa sees oes sis 532. 86 100. 50 455. 89 85. 98 541. 87 139. 80 
IPS SUEAMN eet eee es eee ee 568. 85 47.07 486. 68 40. 25 526. 93 135. 94 
SE MOMONUIMASURAIME snc coe nseoescice 494. 72 62. 85 423. 26 53.77 477. 03 123. 07 
LATE ntineiplate cee oeencehcee dec cc 347. 71 105. 33 297.49 90. 12 BG Ol Nese coasebe 
MGNBOPOUSETAIN oe oes oe ee ee 272. 16 126. 54 232. 85 108. 26 341.11 88. 00 
10 | Lowest producing (irrespective 
ofstrain) ..-.-. BPE eee a 195. 87 33. 66 167.58 28. 80 196. 38 50. 66 
8 | Dense-Unproductive strain..... 206. 54 10. 45 176. 71 8.94 185. 65 47.90 


The average weight per fruit for the total production of fruit of the 
Green and Tree-Ripe grades from the trees of the various strains in ° 
the Lisbon plat is shown in Table XII, and the average weight per 
fruit of the two grades combined is presented graphically in figure 
9. The trees of the Open strain are shown to have produced fruit 
of the lightest weight, except that the lightest fruits of the Tree-Ripe 
grade borne by the trees of any strain were. from the 10 lowest 
producing trees, which include the 8 Dense-Unproductive ones 
and the 2 lowest producing trees of the Open strain. The trees 
of the Bull strain produced the heaviest green fruit and the heaviest 
average weight of the combined grades. These trees also bear very 
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large crops, averaging only slightly below the trees of the Lisbon 
strain in the investigational plat. This combination of high pro- 
duction and heavy individual fruits which grow very rapidly and 
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Fig. 9.—Diagram showing the average weight per fruit of the Lisbon lemon of the Green and Tree-Ripe 
grades borne by the trees of the various strains occurring in the investigational performance-record plat. 
These weights are expressed in ounces and are based on data for the 4-year period from July, 1913, to June, 
1917, inclusive, except as noted in Table I. 


are thick skinned is probably due, in part at least, to the excessively 
vigorous and rapid growth of the trees of this strain. 

Figure 10 shows the average seed content of the fruits of the 
various strains In the Lisbon investigational plat. The fruits of 
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0 MEMES HODUONVE........-- 746) en 
CPPESPLCIWVLE OF S7PPAN) , 

20 EW TUE, FEAT nnn w= 007 GE OE a OS oof a 

22 LISBOW STHAUM...- ~~~ ~~~ ~~- 429 RI a ee 

Uf BULL STAY. ~~~ ~~~ ~ ~~~» Reged HS Soto a | 

G SPORTIVE. __.-~------------- JOT ESET eae See a 

10 LOWEST. PRODONE...........26/ 


QPESECTIVE OF STR?AUN) 
8 AINSI ~ WROWOM SHV 7 


Fic. 10.—Diagram showing the averagenumber of seeds per fruit found on lemon trees of various strains of 
the Lisbon variety in the investigational performance-record plat. Thisisasummary of the data re- 
corded during the 3-year period from July, 1913, to June, 1916, inclusive, except as noted in Table XI. 


the Open strain averaged 5.07 seeds, while those of the Dense- 
Unproductive strain averaged only 1.67 seeds. The data show that 
a seed content of about 4.39 is characteristic of the Lisbon strain. 
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Tasre XI1.—Average weight per fruit for lemons of the Green and Tree-Ripe grades 
produced by the trees of the various strains of the Lisbon lemon in the investigational 
performance-record plat. 


[These data cover the 4-year period from July, 1913, to June, 1917, inclusive, except as noted in Table I.] 


Average weight per fruit 


(ounces). 
Number ways 
of trees. Description of trees. wen | 
Green | R a 30th 
grade. | grade grades 
|———— 
PACINO GINS OTANI ches cre fu aN aicle ots dh: a!ctarn\aie cin:e «\nsnie' slaye s'sleisla'sblajclau cee Be 4.317 3.573 | 4. 087 
TRALA| JO TinieRE 01 ee i sete ea a One ee ea Bor cacicbor Gen sine 4, 348 3.616 4.172 
10 | Lowest producing (irrespective ofstrain)...........-.....-.--- 4.330 3.534 4.199 
PMUNSP OLMAUL ALM eee act. tois ole Saas see cane non eaeeee bees EEleiermesiee 4,351 3.706 4. 249 
8 |) Dense-Unproductive Strain......- 2.2... 22.s-0--220-00ee0erane- 4,350 3. 804 4,321 
10 | Highest producing (irrespective of strain) a Soe Roe ee sai eo 4.415 3. 849 4,345 
3 jf ISTRL)UTIa A ng I Sap ee Mere eae ae age SU oe 4,428 4,052 4. 387 
BMA MEN INS UDAIM e - cnecivsini, tee coa eee conc osaetecs ObSe Sade bc bORbene 4,479 4.007 | 4. 439 
} 


The variations in seed content in the several Lisbon strains from 
month to month throughout the year are presented in Table XIII 
and the data for the Open, Lisbon, and Dense-Unproductive strains 
are shown graphically in figure 11. The irregularities for November 
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Fig. 11.—Diagram showing the average number of seeds per fruit of some of the strains of the Lisbon 
lemon found each month on trees in the investigational performance-record plat during the 3-year 
period from July, 1913, to June, 1916, inclusive. 
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and April are probably accounted for by the fact that owing to 
interference of one sort or another records are available for only 
two seasons in November and for one season in April. The periods 
of lightest and heaviest crop production are known to vary somewhat 
from year to year, as already shown, and it is believed that in the 
same manner the seasons of high and low seed content fluctuate in 
different years. Hence, with records for only two years for Novem- 
ber and one year for April, while the other months are represented 
by data for three years, it is quite probable that the relative variations 
as shown are somewhat incorrect. 
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TaBLe XIII.—Average number of seeds per fruit picked from lemon trees of the various 
strains of the Lisbon variety im the wnvestigational performance-record plat during 
each month of the 8-year period from July, 1913, to June, 1916, inclusive. 


[The trees of the Bull strain and three other trees, indicated in Table I, were added tothe platin 1914, 
so that the records here presented for those trees cover the 2-year period from July, 1914, to June, 1916, 
- inclusive.] : 


Num- . For 

Ree Description of trees. |July.)Aug.|Sept.| Oct.|Nov.| Dec.| Jan. |Feb. |Mar. |Apr. |May.| June.| the 
rag period. 
77 | Open strain..........-- 5. 20) 4.73) 4.50) 4.00) 5.45) 5.01) 5.33) 4.99) 5.46) 5.57) 5.38) 5.73) 5.07 


10 | Highest producing (ir- 
respective of strain). .| 4.96) 4.13} 4.44) 5.05) 4.24) 4.45] 3.87] 4.14) 4.93) 3.60] 5.77] 5.73) 4.69 


121 | Entire plat............. 4,92] 4.60| 4.26] 3.95} 4.64) 4.42) 4.78] 4.53) 4.95]! 4.60) 5.03} 5.23] 4.67 
22 | Lisbon strain...........| 4.95] 4.80) 4.33] 4.45] 3.58] 3.63] 4.14] 4.09) 4.36} 3.53) 5.11) 4.81 4.39 
11 | Bullstrain...._.. ice : : 303 : : : . 53) 5.59) 4.24 


3 | Sporting strain. 
10 | Lowest producing (ir- 
respective of strain) . .| 3.04) 3.47] 3.21] 2.06] 2.30] 2.45) 2.39] 2.08] 3.20) 1.90} 2.40) 2.62) 2.61 
8 |. Dense - Unproductive 
Strain We aon se aye 2.29) 2.24) 2.62) 1.73) .68) 1.73] 1.15} 1.00) 1.63} .52) 1.56] 1.92) 1.67 


COMPARATIVE VALUE OF THE STRAINS. 


The individual-tree performance-record ‘studies of the Lisbon 
lemon variety have shown that only two strains are of commercial 
value. These are the Lisbon strain and the Open strain. Trees of 
the Lisbon strain are very productive and commonly bear most of 
their crop during the spring months. The trees are hardy and more 


or less resistant to unfavorable climatic conditions. For this reason . 


in particular the Lisbon strain seems to be well adapted for locations 
exposed to strong winds or where high or low temperatures or other 
extreme climatic influences are likely to affect the production of 
the trees. 

The production of heavy crops by the trees of the Lisbon strain 
under normal conditions during the early spring months frequently 
necessitates holding much of the fruit in storage until the late summer 
or fall. However, the vigorous growth characteristic of the trees, 
the protection of the lemons in the trees by the rather dense foliage, 
and the fine quality of the fruits are factors which must be taken into 
consideration by citrus growers. 

The trees of the Open strain of the Lisbon variety have the habit 
of producing more or less regular crops throughout all seasons of the 
year. While this characteristic is not so marked as in the case of 
the trees of the Eureka strain of the Eureka variety, it is very strik- 
ing when compared with the behavior of the trees of the Lisbon 
strain. The crops from the trees of the Open strain, while not as 


ereat as those of the Lisbon strain for the entire year, are likely to. 


be more valuable, because they are produced more heavily during 
the seasons when the market is usually the best and lemons bring 
the highest prices. The fruits of the trees of the Open strain are 
not as well protected from sun and temperature injuries, nor are the 
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trees apparently as hardy as those of the Lisbon strain. For certain 
conditions, however, it seems probable that the Open strain is the 
most valuable one for commercial lemon production. The trees of 
the Open strain have fewer and smaller thorns and the fruits are 
more easily picked than those of the Lisbon strain. 


THE UNINTENTIONAL PROPAGATION OF UNDESIRABLE STRAINS. 


In the earlier stages of the lemon industry in California propagators 
considered fruit characteristics as a definite measure of the value of 
parent trees for bud 
wood. Later, the 
importance of the 
fruits in the selec- 
tion of parent trees 
as sources of bud 
wood was entirely 
lost sight of. Bud 
wood was taken 
wherever it could be 
secured with a min- 
imum of time, labor, 
and expense. As a 
result, it was fre- 
quently procured 
from vigorous-grow- 
ing trees of vegeta- 
tive strains, which 
often are least pro- 
ductive and _ least 
desirable. Some 
propagators, believ- 
ing that the size of 
the tree was corre- 
lated with produc- 
tion, when cutting 
bud wood secured 
it from the largest 


A is Hard Fig. 12.—Fruit-bearing lemon bud wood with typical fruits attached 
trees in the orchard. to one st.sk. The bud sticks, after being cut and trimmed, should 
Nurserymen often be packed in slightly moistened sphagnum moss and held in a cool 


room until needed for use. 
cut bud wood from 


trees in the nursery rows or from sucker growth on fruiting trees. 
The result of these various practices was the unintentional propa- 
gation of many worthless strains. 

In the course of these investigations the method of using fruit- 
bearing bud wood, as shown in figure 12, has been evolved. The 
use of fruit-bearing bud wood with the fruits attached has largely 
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eliminated the danger of the unintentional propagation of worthless 
strains of the Lisbon lemon. Whensuch bud wood is used it naturally 
resuits in its being obtained from the most heavily fruited trees, as 
these trees have more available fruit wood than trees of vegetative 
or poor-fruited strains. When bud wood is taken from fruit-bear- 
ing wood of performance-record trees the danger of propagating un- 
desirable strains is greatly reduced. 


THE ISOLATION OF STRAINS THROUGH BUD SELECTION. 


The orchards of the Lisbon lemon variety include trees of many 
diverse strains which have originated from bud variations. In this 
bulletin the description and characteristics of some of the important 
strains are presented. Some of these strains, on account of their low 
and inferior production, are not worthy of propagation. Other 
strains produce fruits low in acidity, with little or no juice, of unde- 
sirable shapes, of coarse texture, or with some other undesirable 
characteristic. A mixture of strains in any commercial orchard is 
undesirable and is likely to depreciate the value of the orchard. 

The first step in these investigations was the determination of the 
relative value of the different strains of the Lisbon lemon for com- 
mercial production in California. The next step was the isolation of 
the important strains through bud selection. This was accomplished 
by propagating from performance-record trees those which were 
typical of the different strams and in this propagation using only 
fruit-bearing bud wood with typical fruits attached to the bud stick. 
The oldest trees which have been propagated from typical trees in 
the performance-record plats are now 5 years old from time of plant- 
ing. The young trees are now bearing commercial crops of fruit, and 
performance records are being obtained from many of them. 

While the progeny data obtained are incomplete as yet, a sufficient 
amount of information has already been secured to warrant the state- 
ment that each of the important strains of the Lisbon variety has 
been isolated through careful bud selection. This does not mean 
that individual tree variations are not encountered in these young 
trees, because variations within the strains are found which are simi- 
lar in degree to those of the parent trees. However, there has been 
no mixture of strains, and in every case the same differences which 
characterize the parent trees are found in their progenies. 


TOP-WORKING UNDESIRABLE LEMON TREES. 


The investigations have shown that in many lemon orchards there 
are a number of healthy unproductive trees of undesirable strains. 
These unproductive trees usually can be successfully top-worked by 
using bud wood selected from fruit-bearing wood on superior per- 
formance-record trees. Figure 12 shows typical fruit-bearing lemon 
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bud sticks after they have been removed from the tree and are 
trimmed ready for use. 

While it is possible to practice top-working during quite a long 
seuson, commercially it is usually done through the months of April, 


Fic. 13.—Unproductive lemon tree of the Villa Franca variety top-worked with fruit-bearing bud wood 
of the Lisbon strain. The nurse limb shown at the left was allowed to remain for one year. The 
' photograph was taken two months after the buds were inserted. 


May, and June. In the course of these investigations it has been 

demonstrated that the best results have been secured during May and 

early June. Previous to top-working, the trees should be pruned, so 
137435°—20—Bull. 815——5 
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as to allow free access to the limbs in which the buds are to be placed. 
Usually from three to five strong limbs should be selected which can 
furnish the framework for the new top. The buds should be in- 
serted in the limbs from 1 to 2 feet from the forks. Two buds are 


Fic. 14.—Unproductive lemon tree of the Villa Franca variety top-worked with buds of the Lisbon 
strain. The photograph was taken one year after the budding was done and soon afterwards the main 
framework limbs were again cut back and only one growth{irom the rebuds wasleft on eachlimb. This 
tree and the one shown in figure 13 are in the same orchard and were top-worked at the same time. 


generally placed in each limb, and as one of these buds is likely to 
develop if this method is followed a perfect stand usually can be ob- 
tained. In about 10 days or two weeks after the buds have been 
inserted they will form a union with the limbs and the wounds will 
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have healed. The limbs should then be cut off about 6 inches above 
the buds and all other branches removed from the tree. In some 
instances, as shown in figure 13, one limb of the original top, known 
as a nurse limb, is allowed to remain in order to preserve somewhat 
the balance of the tree. It is questionable, however, whether any- 
thing is gained when this method is followed, as just as good results 
have been observed in the course of these investigations where all the 
limbs are cut back to a point about 6 inches above the buds. The 
cut surface should be immediately covered with grafting wax, as- 
phaltum, or some other protective material. The trunk and main 
branches are protected from sun injuries by a coat of whitewash. 

An unproductive tree of the Villa Franca variety which has been 
top-worked with bud wood from a productive tree of the Lisbon 
strain is shown in figure 14. This tree is comparable with the one 
shown in figure 13, with the exception that the young top represents 
10 months’ growth. In about a year from budding, or when the 
tree is in the condition shown in figure 14, the stubs of the rebudded 
limbs should be cut back again, making a smooth, sloping cut, and 
leaving only one sprout from one bud on each limb. The cut sur- 
faces should be covered with grafting wax or some similar material. 
The young top-worked trees must be closely watched for several 
years and allsprouts from below the buds removed; if not, the young 
top will include branches from the original unproductive top and the 
whole object of top-working will be defeated. Under normal con- 
ditions the top-worked tree with selected buds from superior parent 
trees should begin bearing the second year after rebudding, and in 
the third and fourth years should bear good commercial crops. 


REPLACING UNDESIRABLE TREES IN BEARING ORCHARDS. 


In many old bearing orchards undesirable or unhealthy trees are 
frequently found, and it is often more economical to replace these 
trees with younger ones from selected buds rather than to top-work 
them. Owing to lack of attention to details, until quite recently it 
had been generally assumed that such replanting would prove un- 
successful. Experience has shown, however, that when proper care 
is used undesirable lemon trees in old sechheade can be repleced with 
young trees grown from selected buds. 

The undesirable or diseased trees should be romoual from the or- 
chard during the late summer or early fall, and immediately after 
the older trees have been taken out holes should be dug for the new 
trees. These should be at least 5 feet in diameter and from 2 to 3 
feet in depth. The holes should then be filled with good topsoil 
which has been mixed with well-rotted manure. The loose soil and 
manure should be allowed to settle in the holes during the winter and 
early-spring months. In placing the soil in the holes a sufficient 
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quantity should be provided so that in the spring the soil will stand 
at least 6 to 8 inches above the land in the orchard. This will pro- 
vide for any future settling. 

In the spring the young trees are planted in the place thus pro- 
vided for them. Especial care must be used to provide sufficient 
water for them at each irrigation, which is often accomplished by 
making an irrigation furrow at the side, or frequently by making a 
basin around each tree. Small applications of a quickly available 
nitrogenous fertilizer, if applied to the young trees, often stimulate 
cole growth. When care is exercised in propedk preparing the 
holes for the trees, in furnishing adequate irrigation water, and in 
distributing ndditienal fertilizer if needed, the replanted trees in an 
old bearing orchard will make as good a growth as if planted as solid 
blocks of trees in a new orchard. 


THE SELECTION AND CARE OF BUD WOOD. 


Bud wood should be taken only from fruit-bearmg wood on _per- 
formance-record trees. In addition to the performance records, the 
propagator should have an intimate knowledge of the behavior of 
the individual tree. This can be obtained only by careful studie 
of the variety and strain which he desires to propagate. The lemons 
which are attached to the bud sticks can be used as an indication of 


a ee a 


the type of fruit which the buds on the sticks will produce. The — 


use of this type of bud wood guards against taking wood from ne 
or undesirable branches. 


Plate VIII shows two variations found on separate branches i inva 4 


lemon tree on which all the other fruits were of the Lisbon strain. 
By using buds taken from sticks with the fruits attached the danger of 
propagating these undesirable variations is eliminated. If this type 
of bud wood is used, more buds can be cut from productive trees than 
from unproductive ones. 


Enough experimental and practical evidence has already been collect- 


ed in the course of these investigations to show that fruit-bearing bud 
wood from: productive trees is the most desirable kind to use for prop- 
agation. Nursery trees from this type of wood make a very vigorous 
growth and come into early fruiting. After the bud sticks are cut 
the leaves are removed, as shown in figure 12, and the sticks from 
each tree are tied in separate packages, with the number of the tree 
marked on the end of one of the bud sticks and also on a wooden 


or other suitable label which is tied to the bundle. In this way the 


progeny of each parent tree can be kept separate. As soon as the 
bud sticks are labeled they should be wrapped in moist sphagnum 
moss or some other suitable material. If it is necessary to store the 
bud sticks for any length of time they can be put in a cool room where 
the temperature is about 70° F. and does not fluctuate greatly. 


J ——- Le 


ees ee ee ee te 


ae a ee 


/ 
as = ial a 
a ee oe eS a ee 


BUD VARIATION IN THE LISBON LEMON. 69 


As a result of the citrus-fruit improvement investigations, in May, 
1917, the California Fruit Growers’ Exchange, a cooperative organi- 
zation of about 8,000 citrus growers, Inaugurated a bud-supply de- 
partment, which was established as a public service, its purpose being 
to furnish bud wood from performance-record trees of all the im- 
portant California citrus varieties to growers and nurserymen. As 
this department was established for the good of the whole citrus 
industry its privileges are not restricted to members of the exchange, 
but buds are distributed at cost to all who apply for them. Buds 
are cut only from trees on which performance records have been 
obtained for several years. These trees are located in orchards 
which are well-known producers of superior crops of valuable fruits. 
The purchaser,.if he cares to do so, has the opportunity of visiting 
the individual parent trees in the orchards from which the buds 
come, and he can inspect the records and examine the fruits of these 
trees. Only fruit-bearing bud wood is used, and the fruits from the 
bud sticks are returned to the owner of the trees. Each lot of 
bud sticks is kept separate and is labeled with the number of the 
parent tree or with a key number. The grower or nurseryman re- 
ceiving the buds therefore can keep the progeny of each parent tree 
separate. Men who have been thoroughly trained and have an inti- 
mate knowledge of the important variations in the standard citrus 
varieties are exclusively employed for thiswork. In this way the in- 
dustry is distributing wood of the best lemon strains only, and it is rea- 
sonable to expect that the young orchards which are planted with trees 
propagated from this type of bud wood, and older orchards which 
are top-worked, will eventually bear the best type and quality of 


fruit. 
SUMMARY. 


The important commercial lemon varieties now grown in Califor- 
nia are the Eureka and Lisbon. The Lisbon variety was introduced 
from Australia about 1874, and later in 1875, with perhaps less- 
important later introductions. 

Several important strains of these varieties have resulted through 
the unintentional propagation of bud variations. In this bulletin 
only the variations within the Lisbon variety are discussed. De- 
scriptions of variations in the Eureka variety will be found in United 
States Department of Agriculture Bulletin No. 813. 

Bud variations are of frequent occurrence in some of the trees of 
the Lisbon variety. Some of the strains which have developed from 
them are inferior in quality and quantity of fruit and mature the 
fruits at seasons when there is no great market demand for them. 
These strains occur as variations in the habit of tree growth, in 
characteristics of the foliage and blossom, and in the color, shape, 
texture, juiciness, and other characteristics of the fruit. 
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The object of these investigations has been to determine the 
behavior of trees of the different strains and of the individual-tree 
variations within the strain, to prevent the propagation of inferior 
strains, to develop practical methods. for eliminatmg undesirable 
trees in established orchards, and to isolate and propagate the desir- — 
able strains and superior trees within these strains through bud 
selection based on individual-tree performance records and inti-. 
mate tree knowledge. 

The plan of work as followed in these investigations has been to 
secure individual-tree performance records in carefully selected 
plats of the Lisbon variety. Each tree is picked separately, the 
fruits assorted, counted, weighed, detailed notes taken, and other 
data obtained, so. that after a series of years definite conclusions con- 
cerning strains and individual-tree behavior can be drawn. 

In these investigations five strains of the Lisbon lemon have been 
studied, their characteristics described, and the performance records 
of individual trees recorded. 

Some of the lessons taught by these studies include the discovery 
of the importance of bud variations, the comparative value of the 
different strains arising from them, the need of elimmatimg the un- 
profitable strains and isolating the valuable ones through bud selec- 
tion, and the origination and introduction of improved methods of 
propagation for conserving and iniproving the production of the Lisbon 
lemon variety. The desirable strains can be isolated by means of 
careful bud selection based on individual-tree performance records 
and intimate tree knowledge. 

Undesirable healthy trees or: inherently unproductive ones in 
established orchards usually can be successfully top-worked by using 
select fruit-bearing bud wood from performance-record trees. 

Undesirable unhealthy trees in old-established orchards can be 
replaced with desirable younger trees which have been propagated | 
from selected fruit wood, provided proper attention is given to the 
preparation of the planting hole and, later, to care in irrigation and 
fertilization. : : 

Only fruit-bearing bud wood from superior parent trees which 
have been selected on the basis of their performance records and 
from intimate tree knowledge should be used for propagation or 
for top-working. 

The California Fruit Growers’ Exchange, a cooperative organiza- 
tion of 8,000 citrus growers, has established a bud-supply department 
as a result of these investigations. This department furnishes at 
cost to growers and nurserymen bud wood from superior performance- 
record trees. 
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IMPORTANCE OF SHADE TREES. 


HE COMFORT to be derived from shade trees has long been 

recognized. The early settlers of this country saved fine 
trees about their homes, on the village greens, along the country 
roads, and in the fields. Later, as villages grew, the householders 
planted trees adjoining their properties, and the result has been 
the beautiful elm-shaded villages of New England, the maple-shaded 
towns of New York and the Ohio Valley, and the oak-shaded streets 
of the Southeastern States. (Fig. 1.) 

With time, the villages and towns became cities, and the wood- 
lands were largely destroyed. Conditions for tree growth were 
less favorable in the cities, and nurseries had to be depended upon 
for planting material. With these changed conditions the native 
trees of a region became less dominant in the city planting and were 
largely replaced by those trees listed in nursery catalogues which 
took the fancy of each property owner along the street. (Fig. 2.) 
The quickest growing trees were considered first, and as some of these 
made a big showing the first few years and were easily transplanted, 
they have become the dominating trees in street planting from the 
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Fic. 1.—An oak-shaded street in the South. Willow oaksin Birmingham, Ala., in late summer. 
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Fic. 2.—A street with mixed plantings. The trees are of different kinds, some unsuited for the purpose, 
| planted at varying distances apart, according to the inclination of the property holders. A street in 
{ Stockton, Calif., photographed in early summer. 
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Atlantic to the Pacific and from the Great Lakes to the Gulf of 
Mexico. (Figs.2,10,and13.) A few have planted better and more 
lasting trees (figs. 1, 3, and 4); but the tree growth on the streets 
of the average town or city is ragged and unkempt in appearance, 
while that of the suburb or small village is not much better unless 
the planting has been done under municipal control and the plant- 
ings on a street have been confined to a single kind of tree. 

The advent of such civilizing agencies as the telegraph, the tele- 
phone, the electric light, and the trolley car have added each its 
share toward the mutilation or destruction of the good trees that 
were in existence at the time of their coming. Faulty methods of 


P12516HP 
Fic. 3.—American elms on a city street in midsummer. All these trees were planted at one time at 
uniform distances apart by the Commissioners of Washington, D.C. 


pruning also have caused much disfigurement and ruin. (Figs. 5 
and 21.) To this mutilation has been added the unnecessary de- 
struction of many trees in centers of business (fig. 6), because they 
excluded a little daylight, or made a store less prominent, or were 
somewhat in the way of using the sidewalk for merchandise. 

In spite of all these troubles tree planting has continued because 
people love trees, enjoy well-shaded streets, and are willing to make 
efforts to get them. The trees on well-shaded streets are not only 
pleasing, but also contribute toward the health of the community 
by transpiring moisture into the atmosphere and by producing a 
restful effect on eyes and nerves. Red, especially, is known to have 
an exciting effect on human beings, and where city streets are well 
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shaded it makes less prominent those colors that might otherwise 
prevail and offend. 


Fic. 4.—Trees 18 years old on adjacent streets: A, Pin oaks; B, ginkgos; C, Norway maples. Note the 
differences in size. 
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Good shade is so appreciated that its presence adds a value to 
adjoining properties. Real-estate men recognize this factor and plant 
shade trees as early as practicable on land which they develop. 
That the beauty of a city is improved by good street trees is be- 
coming recognized more and more and is finding expression in the 
desire of garden clubs, civic improvement associations, and boards 
of trade for information on this subject. 

Success in planting street trees can be attained only by planning 
and controlling the planting as a whole, by selecting the most suit- 
able varieties, by se- 
curing trees in the best 
condition and planting 
them properly, and by 
giving the necessary 
later care. 

While towns were 
small, conditions for 
tree growth favorable, 
and woodlands plenty, 
so that native trees 
were easily obtained 
and started, the prac- 
tice of each house- 
holder planting his 
own trees as he saw 
fit gave good results. 
As towns became 
larger and impervious 
pavements took the 
place of earth roads, 
the conditions for tree - 


growth became more 7 SE aseneS 


severe and the results F!¢-5.—A tree mutilated by linemen. An otherwise beautiful red 
oak in Louisville, Ky., asit appeared in midsummer. 


from the individual 
planting of trees less uniform. In large cities the conditions to be 
met are so extreme that it has become practically impossible for the 
average householder to grow street trees successfully, or to do so only 
at excessive cost. Then, too, alineman in afew minutes often undoes 
what the individual has achieved with care and years of patient 
waiting (see fig. 5). The trees and the lines are both needed by the 
public, but when provided by individual initiative at private expense, 
but trimmed for the benefit of electric lines by employees of corpora- 
tions intent on maintaining service at the least cost, the trees suffer 


unduly. 
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In order to have good shade trees at a reasonable cost which 
receive timely and efficient attention, with the effective control of 
wire lines, the care of the trees needs to be vested in some adequate 


authority. 
PUBLIC CONTROL OF STREET TREES. 


Providing shade on city streets is as much a municipal function as 
providing lights or sidewalks and should, therefore, be cared for by 
public officials. All street trees should be directly under the care of 
duly appointed officers, who should be responsible for their planting 
and care, as well as for their pruning or removal. Negative control 


P16986HP 
Fig. 6.—A desert of asphalt in the business center of a city having less than 100,000 population. 


by requiring permits for planting, pruning, and removal is little better 
than no control. 

The officials in charge should have the necessary authority and 
should be required to initiate and carry forward planting and all 
other needed work connected with the establishment and mainte- 
nance of street trees. Probably the most satisfactory way of securing 
supervision is through an unpaid commission of three or five members, 
which in turn employs an executive officer. In a small place a com- 
mission of three persons may be best, one being appointed every 2 
years for a 6-year term. In large places five members may be better, 
and the ideal term would be 10 years. A compromise would be a 
5-year term, a new member being appointed each year. The great 
need of long-term appointees is that it takes two or three years for a 
member of such a board or commission to see and realize the things 
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needed to be done and the policies that should be carried out. 
Because it takes a long time to get results in growing street trees, the 
policies should be as nearly continuous as possible and the terms of 
. the members long enough to insure a majority of experienced persons 
on the board at all times. 

The method of appointing the commissioners is not so important 
as that each shall be selected from the territory as a whole rather 
than from a part of it. In some places where the term of service is 
10 years, each one’s successor is appointed by the remaining commis- 
sioners, subject to confirmation by the court. Where this is done a 
member is not permitted to succeed himself. In other places the 
commission is appointed by the court; in others, it is elected by the 
city legislative body or is appointed by the mayor subject to the 
approval of the legislative body. The important point is to keep the 
administration as nearly as possible on a purely business basis. 

A good board can accomplish nothing without liberalfunds. There 
are two methods of providing these: (1) By an appropriation from 
the general tax levy and (2) by direct assessment against the prop- 
erties, collectible with the other taxes. If the funds are provided by 
appropriation, a fixed minimum, expressed in millage of the tax 
rate, should be provided in the organization of the commission. 
This minimum should be such that a fair amount of maintenance work 
can be done when no other funds are available. Councils that 
appropriate money sometimes hamper boards by withholding appro- 
priations. Work of the nature of tree planting should not be per- 
mitted to suffer or be lost by a year’s neglect. The fund provided by 
this minimum amount should not be so large that regular additional 
appropriations will not be needed to carry on the work properly, as this 
will give a desirable point of contact of the commission or board with 
. the ordinary channels of expressing public sentiment in the district 
interested. The minimum appropriation mandatory should be suffi- 
cient to prevent injury from lack of care of work already begun. A 
period of minimum care and attention while a board and the people or 
their representatives are coming to a new understanding of one 
another’s position is not necessarily a detriment, provided a reason- 
able maintenance has been possible in the interim, but without such 
care the results are ruinous and work would better not be started 
than be undertaken with the possibility of such a period of neglect 
occurring. 

It is probably desirable to assess the cost of tree planting against 
the adjacent property owners at a proportional cost per front foot 
and to provide for maintenance out of a general fund. Boulevards 
and other unusual developments are sometimes maintained with 
satisfactory results by regular assessments against the abutting 
properties. 
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After a proper governing board is provided, the securing of a 
competent executive is a matter of ordinary business procedure. 
It is usually desirable that he shall be not only a good executive but 
also a man with a knowledge of trees and trained in their care, so 
that he may be a competent adviser of the board as well as its 
executive. 
PLANNING FOR TREES ON CITY STREETS. 

With the help of one who knows trees and the local conditions to 
be met, the town should be studied and a suitable kind of tree selected 
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Fic. 7.—Increased attractiveness due to trees_on a city street, as Shown by contrasting the two sides 
of the thoroughfare. Tf trees like red oaks, American elms, or the Eucalyptus in the distance had 
been used, the effect on this wide street would have been comparable to figure 3. The trees in the 
left foreground are umbrella trees. Merced, Calif.; midsummer. 


for each street or for a large portion of a street (figs. 1 and 3), and as 
conditions warrant the plan should be carried out as outlined. Mixed 
plantings of different sorts of trees (figs. 2 and 7) are not as pleasing 
and effective as the use of a single species for considerable distances. 
The use of only one or two kinds for a whole town is likely to be 
monotonous, and it is also undesirable because the variety most used 
may become subject to serious disease or insect attacks. The 
species and varieties of trees suitable for city planting are few enough, 
if all are used, so an endeavor should be made to include as many 
different kinds as practicable, assigning one variety for a long stretch 
of street unless there is a marked change in its character, in which 
case a change of trees would be warranted. 

Where trees are already on a street, the problem of planning for 
the future is frequently much complicated, especially if there are 
several kinds in good condition. Where there is but one good kind, 
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gaps can be replanted with young trees of that sort. If there are 
poor trees of a good variety or trees of a poor or short-lived variety 
it would be advisable to remove these and do all the replanting at 
one time, so as to have the trees on the street as nearly uniform as 
possible. Where there are several good varieties in good condition 
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Fic. 8.—Trees 20 feet apart that should be at least 60 feet apart. Sycamores in Washington, D. C., as 
they appear in late winter. 

_ the sensible thing is to care for the trees that are there and then, after 

careful study, decide on one variety for all future plantings on that 


street. 
SPACING TREES. 


A common fault in all street planting is to put the trees too near 
together. (Fig. 8.) This is more evident where the work has 
been done by the abutting property owners than by municipalities. 

After trees are started and have attained some size it is extremely 
difficult to get them removed, even where the good of the remaining 
trees demands it. The removal of a fairly good tree merely because 

137389°—19—Bull. 816-2 
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it is short lived in order to make room for a good one that will be 
permanent does not appeal to the average citizen. Where trees 
which have been planted by the property holder come under city 
control a strong feeling of proprietorship still remains, which is 
outraged by the suggestion of the removal of even poor trees. Where 
all the work is under city control good work is often hampered by a 
strong public sentiment against the removal of trees, even though they 
are poor or crowding. 

Because of this difficulty it is extremely important that young 
trees be planted farther apart than at that time seems reasonable. 
If they are planted as far apart as is proper for mature trees the 
distance will be so great as to make planting seem a joke. If they 
are planted half the distance apart they should be when mature, 
good results would follow if the intermediate trees were removed 
when they nearly touch those to be left. As the intermediate 
trees would probably not be removed, or not until too late for the 
good of the remaining ones, planting had better be sufficiently 
far apart in the beginning to avoid the necessity of later removals. 
In the beginning the trees will be too far apart and when mature 
too close together, but it seems to be the alternative imposed by a 
misguided public opinion. 

There is scarcely a community that would permit the removal. of 
interplanted trees from: a street of fine elms, oaks, or other worthy 
varieties without a protest that would be ihe almost sure political 
death of the administrative authorities responsible, no matter how 
great the need or how much expert support they might have. If 
short-lived intermediate trees were used they would not be likely to 
be taken out before they died, and they probably would not die before 
they had irreparably injured the permanent trees. The removal of 
surplus or interplanted trees can be made with least shock to the 
community by gradually narrowing the tree tops by severe pruning 
from year to year on the sides next the permanent trees until finally 
they are so narrow they may be removed and leave only small 
openings between the permanent trees. Even this method will not 
materially lessen the public protest at the final removal. 

A common practice is to set street trees 35 feet apart. If it were 
practicable to remove one-half the trees at. the proper time this would 
be a good distance, but in the eastern half of the United States and 
on the Pacific slope 50 feet apart is close enough for most varieties, 
and for the larger growing trees 60 to 70 feet would be better. 


CONDITIONS FOR TREE GROWTH. 


In order to grow, trees must have a soil of suitable texture, in 
proper mechanical condition, that contains sufficient available mineral 
elements and plenty of organic matter, and, last but not least, a con- 
stant supply of moisture and air. In addition to these there must 
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be in active growth in, the soil many forms of organic life that are in 
various ways preparing the material in the soil for the use of the 
larger plants. Not only must these things be present, but others 
that are deleterious must be absent, whether the substance is hurtful 
in itself or whether it is an excess of one that is otherwise beneficial. 

Above the soil three things must be present—air, sunlight, and 
moisture—and, as in the soil, harmful things must be absent in order 
to have success. Among the deleterious substances are sulphur and 
other fumes and soot and other products from incomplete combustion. 

Some of the more obvious things with which a city tree has to 
contend are: Water-tight pavements, both on the sidewalk and 


P14533HP 
Fic. 9.—The irregularity in the size of the trees shown is due to a part ofthe first planting having been 
killed by illuminating gas from defective pipes. Norway maples as seen in Washington, D. C.,in 
late winter. 


street, that prevent the admission of air and water; the removal of 
the topsoil in street grading, thus forcing the tree to exist on the 
good soil provided in the hole; careless digging near the tree for gas, 
water, and electric service, and especially for the placing of curb- 
stones; the saturation of the soil with illuminating or sewer gas from 
defective pipes (fig. 9); the pouring of salt water from ice-cream 
freezers into gutters, where it may find its way into thesoil near tree 
roots; the gnawing of the trunks by horses; and the cutting of the 
tops by linemen and tree. trimmers. 

Because of the uncongenial conditions for the growth of trees on 
city streets comparatively few kinds are satisfactory for such use. 
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Among those available are some that will grow under extremely 
trying conditions. Kinds can be found that will thrive wherever it 
is suitable for human beings to live. If it is impossible to grow trees 


on a street, as a health measure that street should be closed for 


human use until conditions are so improved that it will support 
trees. 
More kinds will thrive under suburban conditions where only a 
small portion of the roadway is covered by animpervious coating,.where 
the parking spaces are liberal, and where the street is:lined with 


P15298HP * 
Fic. 10.—A business center relieved by a parking with Carolina poplars. Macon, Ga.; late summer. 


open lawns than under the conditions in a city, where the street is 
covered with a water and air proof coating and the sidewalks with 
an impervious material, where parking spaces are limited, and where 
adjoining-lawn areas are small or lacking. By a careful selection of 
kinds, all conditions in a city can be met. In some places bad condi- 
tions could have been improved greatly by a little forethought; in 
others, such conditions can be bettered. These details, like many 
other matters connected with city planning, have been ignored, but 
should be considered immediately, especially by villages and small 
cities. Figure 6 shows how an opportunity for creating a beauty 


spot has been lost sight of, while figure 10 shows how a city has. 


utilized less ground to increase the comfort and attractiveness of its 
business center. 

A common mistake in ambitious young cities and many old ones 
is to pave more of the width of the street for traffic purposes than is 
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likely ever to be needed. By reducing the roadway and throwing the 
remainder into liberal parking spaces much is added to the attractive- 
ness and comfort of a city. A contrast in the two methods of treat- 
ment is illustrated in figures 11 and 12. The recommendation that 


; P16278HP 

Fic. 11.—A street well proportioned in width of roadway, sidewalk, and parkings, with willow oaks 
on the left, American elms on the right, and young Carolina poplars near the roadway that should 
beremoved. Columbus, Ga.; midsummer. 


P14359HP 
Fic. 12.—A street with too much pavement and too little parking space. Carolina poplars in Balti- 
more, Md., in midautumn. 


the roadway prepared for travel be made narrow is not to be inter- 
preted as a reason for lessening the area dedicated to the public use; 
in fact, in most cities, especially in the northeastern quarter of the 
United States, too little space has been reserved from houseline to 
houseline (fig. 13). By reserving more room between the houses and 
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the street for use as lawns and gardens the conditions would be made 
more livable, opportunity would be offered for widening the public 
way without prohibitive expense if traffic or business demanded it, 


_and the growing of street trees would cease to be a serious problem. 
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Fic. 13.—A street with too little room from houseline to houseline. Note the more attractive appear- 
ance ofthe side with trees. Norway and silver maples in Frederick, Md., in midsummer. 


KINDS OF TREES SUITABLE FOR CITY STREETS. 
QUALITIES NECESSARY. 


Compared with the whole number of trees used for ornamental 
planting, the number of kinds suitable for street planting is very 
small. For use under city conditions a tree must be adapted to the 
climate and to the soil upon which it is to be grown. It must have 
healthy foliage that withstands dust and smoke and a root system 
not easily affected by unusual soil conditions, by restricted feeding 
areas, or by root pruning when street improvements are made. The 
top should be in proportion to the width of the street upon which it 
is used, and it should be rather high headed or easily trained to that 
form and of open growth without being too spreading or sprawling. 

Of minor consideration is the character of the foliage masses, 
whether dark or light, heavy and somber or open and airy, and also 
whether they have vivid autumn colorings. Only in the most south- 
ern parts of the country and in western California should evergreen 
trees be considered for street planting, and then only the broad- 
leaved evergreens, such as magnolias and live oaks. In the North 
the lack of sunshine during the short cloudy days of winter makes it 
desirable to admit all the light possible. Even in the South the 
question of sunshine should be considered when selecting varieties. 
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Narrow streets should be planted with columnar trees (fig. 14) 
or sometimes with small trees. Broad streets may be planted with 
spreading trees (figs. 3 
and 16), or, if pro- 
vided with a central 
parking space, with 
moderate -sized trees 
in the center and on 
the sides, or with trees. 
on the sides suited to 
the space and formal 
trees in the center. 
(Fig. 15.) 

As a rule, trees na- 
tive to the locality 
that have been suc- 
cessfully grown in 
other cities should be 
given the preference. 
When a choice must 
be made between un- 
tried native trees and 
those tested in a city 
or town under differ- 


ent soil oe climatic Fig. 14.—Narrow upright trees (Lombardy poplars) on a narrow 
conditions, it is better street. Washington, D.C.; midsummer. 
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to give the native trees 
the first trial. There 
are many native trees 
that are promising 
which have not been 
planted on a sufficient 
scale or under suffi- 
ciently varied condi- 
tions to demonstrate 
their real value for 
street planting over 
any considerable area. 
Many of the trees men- 
tioned in this bulletin 
ose] may prove valuable 
P1I8855HP 


far beyond the areas 
Fic. 15.—Formal trees in a central parking, but appropriate trees b y t y 
wanting on the sides of the street. Canary Island date palms in for which they are SUg- 


Merced, Calif.; midsummer. gested. The burr oak, 
the swamp white oak, the scarlet oak, the chestnut oak, the white 
oak, the sour gum, and others may be found on further trial to be as 
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valuable as those already demonstrated to be valuable over large 
areas. Those mentioned have all been tested in a small way. 
Caution should be used in selecting trees with conspicuous flowers 
and those with edible fruits or nuts, as in many parts of the country 
such trees are badly mutilated by the public. Even horse-chestnuts, 
although the nuts are not edible, are often broken by boys clubbing 
the trees. That public opinion can prevent such vandalism is in evi- 


P15394HP 
Fic. 16.—Live oaks, the handsomest southern street tree for broad streets. Biloxi, Miss.; late summer. 


dence all along the Pacific coast and at a few places in the East. 
Every effort should be made to create a sentiment that will protect 
these attractive additions to street adornment, but where the senti- 
ment does not exist it is better to avoid the planting of such trees 
except in a limited way. 

Besides the native trees there are many introduced trees that have 
proved valuable and many more that are worthy of trial A fair 
trial of promising introduced trees should be made, and the native 
kinds should be thoroughly tested. 


TREES FOR DIFFERENT REGIONS. 


To simplify the discussion of kinds of street trees likely to prove 
satisfactory, the United States has been arbitrarily divided into the 
regions shown in figure 17. An endeavor has been made to make 
each division cover an area having similar growing conditions, so that 
the trees suggested will be likely to thrive in all its parts. A dis- 

1 As examples of this are a number ofnew elmssuchas Ulmus pumila and Ulmus densa, besides lindens, 
poplars, and Koelreuteria paniculata, while Pistacia chinensis is suitable for warm regions. The Office 


of Foreign Seed and Plant Introduction of the United States Department of Agriculture will be glad at 
any time to suggest new trees that are promising for any regior. - 


STREET TREES. Kz 


cussion of the strong and weak points of the different kinds will be 
found with the description of the kinds farther on in this bulletin. 


Region 1.—Region 1 comprises the mild humid portion of the northern Pacific coast 
east to the Cascade Mountains, including the western third of Washington and Oregon 
and a portion of northern California. The trees native to western Europe are adapted 
to this region, as the climatic conditions are quite comparable. Most of our American 
trees also succeed here. 

Some of the desirable varieties for street planting in region 1 are the Oregon, Norway, 
sycamore, and sugar maples; California walnut; tulip; European linden; basswood; 
sycamore; London plane;. white and European ashes; English and American elms; 
English, red, and pin oaks; ginkgo; and the black locust. 
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Fic. 17.—Outline map of the United States, showing the regions within which essentially similar con- 
ditions for tree growth exist. 


Region 2.—Region 2 is that portion of California lying between the Sacramento and 
San Joaquin Valleys and the Pacific Ocean. Many varieties of trees will succeed 
here if given water. Because of the lack of water, unless specially irrigated the more 
drought-resistant species should be used. 

Among the deciduous trees useful for this region are the London plane; the Cali- 
fornia and common sycamore; English, Huntingdon, and American elms; Oregon, 
Norway, sycamore, and English maples; white, green, and European ashes; red, 
English, and pin oaks; European linden; basswood; California walnut; honey and 
black locusts; horse-chestnut; Albizzia; and the Japanese varnish tree, or Sterculia. 

Evergreen trees which will probably be successful in region 2 are the Eucalyptus ! 
in variety, acacias, rubber, magnolia, California live oak, Victorian and poplar-leaved 
bottle trees, and in the southern portions the California pepper, silk oak, and jaca- 
randa. Palms are much planted, but they do not make good street trees except where 
a formal effect instead of shade is desired. 


1 Some cities have ordinances against the planting of certain trees because their roots sometimes ob- 
struct sewers. Among these trees are the Eucalyptus in California and some of the poplars in several 
of the States. : 
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Region 3.—Region 3 comprises the Sacramento and San Joaquin Valleys. 

The deciduous trees for this region are the California walnut; London plane; Cali- 
fornia and common sycamores; Oregon, Norway, and sycamore maples; white, 
European, and green ashes; red, English, valley, and pin oaks; European linden; 
basswood; English and Huntingdon elms; honey locust; and horse-chestnut. China- 


berries and Texas umbrellas are much planted in these valleys, but are not good - 


street trees. Olives and palms are suitable only for formal effects, while eucalypti 
are satisfactory but are liable to make trouble with defective sewers. Acacias grow 
especially well in this region except in the extreme north. 

Region 4.—Region 4 includes the country from the Sacramento and San Joaquin 
Valleys to the crest of the Sierra Nevada Mountains. It varies in elevation and 
correspondingly in temperature and the amount of available moisture. 

Where there is sufficient moisture, the deciduous trees recommended for region 3, 
except the valley oak and possibly the California sycamore, may be used. Where 
there is less moisture the thornless honey locust, black locust, green ash, hackberry, 
poplars, ash-leaved maple, and the American elm if it can be watered the first few 
years may be planted. In the warmer sections the chinaberry and Texas umbrella 
may be used. ; 

Region 5.—Region 5 comprises the hot semiarid country of southern California and 
southwestern Arizona which is dependent on irrigation. 

The best deciduous trees for this region are those suggested for the drier portions of 
region 4. With ample irrigation the deciduous trees recommended for region 3 might 


grow. 
Among the evergreens the Texas palmetto, Parkinsonia, and the Washingtonia 


and some other palms can be used where other trees do not succeed. The red and: 


desert gums may be used also in the drier regions. With ample irrigation the ever- 
greens suggested for region 2 should succeed. 

Region 6.—Region 6 comprises the intermountain section and extends from the 
crest of the Cascade and Sierra Nevada Mountains eastward to the eastern base of the 
Rocky Mountains. The region includes great variations in growing conditions, 
often in very short distances. As a whole it is semiarid, and in most places trees 
can hardly be expected to thrive without more or less irrigation, although in some of 
the mountain valleys and on some of the mountain slopes almost ideal conditions for 
tree growth exist. . 

In the drier parts of the region only those deciduous trees that are weeds under more 
congenial conditions can be grown. Those that can be planted with the greatest 
hope of success are the thornless honey locust, black locust, green ash, hackberry, 
and where the others do not succeed, the poplars and ash-leaved maple. Ifit can be 
watered for a few years the American elm usually can be grown, and in the southern 
half of the region the Mississippi hackberry will probably succeed. Near the southern 
border, on lower elevations, the chinaberry and Texas umbrella can also be planted. 
In the locations most favored naturally or where irrigation is possible, the trees 
suggested for region 9 can be used. 

Evergreens that may be used for the drier portions of the southern part of region 6 
are the Parkinsonia and the Texas palmetto. 

Native trees may be found that will prove of greater value for limited areas than any 
suggested. Cities and towns contemplating street tree planting would do well to 
consult the nearest State agricultural experiment station or the United States Depart- 
ment of Agriculture if it is thought possible that something better has been found 
than the trees suggested. 

Region 7.—Region 7 is the northern part of the Great Plains area from the foot of the 
Rocky Mountains at about the 5,000-foot contour line east to the ninety-eighth merid- 
ian. Itis rather uniform in general conditions, the character of soil having no wide 
divergence and the elevation increasing gradually from south to north and east to west. 
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The rainfall gradually increases from west to east until at about the ninety-eighth 
meridian the conditions are more favorable for tree growth. 

The trees to be relied on are the thornless honey locust, common hackberry, black 
locust, green ash, ash-leaved maple, the poplars, the Chinese elm, andthe American elm 
if it can be watered the first few years after transplanting. The mossy-cup oak is 
another tree worth testing in a small way, as it is native a little east of the ninety- 
eighth meridian. The basswood and Norway maple would probably succeed if 
supplied with plenty of water. 

Region 8.—Region 8 is the southern part of the Great Plains. 

In addition to the deciduous trees recommended for the northern Great Plains 
(region 7) the Mississippi hackberry, Texas umbrella, and chinaberry may be suc- 
cessfully grown. 

Evergreen trees that may be used in region 8 are the Texas palmetto and Parkin- 
sonia. 

Region 9.—Region 9 is the upper Mississippi Valley, including the area from that 
already considered to Lake Michigan and south to southern Kansas. It is more 
favorable to tree growth than regions 6 and 7. 

Trees which will succeed here are the American elm; red, pin, mossy-cup, and 
other native oaks; white ash; sycamore; basswood; and Norway and sugar maples. 

Region 10.—Region 10 includes the northeastern part of the country from eastern 
Illinois to the Atlantic Ocean, and extends southward through the Appalachian 
Mountains. It is most favorable for tree growth. 

The best trees for street planting in region 10 are the red and pin oaks, London 
plane, sycamore, the staminate form of the ginkgo, basswood, tulip, Norway maple, 
white ash, thornless honey locust, American elm, and in the southern portion of the 
region on light land the sweet gum. The red and sugar maples are among the best 
trees for suburban conditions. The hackberry will grow, but should be discarded 
in favor of better varieties. The mossy-cup and chestnut oaks are worthy of trial 
on gravelly soils in the suburbs. 

Region 11.—Region 11 includes the lower Mississippi Valley and the country east 
of the southern Appalachian Mountains, extending from the light lands near the 
South Atlantic and Gulf coasts to the northern limits of the distinctively southern 
flora. 

The typical street trees of this region are the willow oaks (fig. 1) and water oaks, 
the former a valuable street tree, the latter good when young but comparatively 
short lived, with no advantages over the willow oak. Other good trees are the red, 
Spanish, laurel, Darlington, and pin oaks, tulip, sweet gum, American elm, red and 
Norway maples, and the ginkgo. 

Region 12.—Region 12 is the land near the coast from Wilmington, N. C., to the 
Mexican border, exclusive of the southern part of Florida. 

Good deciduous trees for this region are the willow, laurel, Darlington, and Span- 
ish oaks, tulip, sweet gum, sycamore, London plane, American elm, ard the stami- 
nate form of the ginkgo. The honey locust, red or scarlet maple, Norway maple, 
and the hackberries are not so good. 

The live oak is the characteristic tree of region 12 (fig. 16) and is the pride of the 
cities that have used it. Even though an evergreen, it is an excellent street tree, 
as it is large, spreading, and open. The palmetto and palms thrive and may be 
used for producing formal effects. The evergreen magnolia is a good broad-leaved 
evergreen. 

Region 13.—Region 13 consists of the southern part of Florida. The deciduous 
trees suitable for this section are the willow, Spanish, and southern red oaks; Ameri- 
can elm; Mississippi hackberry; and in the southern half of the region the 
Poinciana. ae 

Evergreen trees are better suited to region 13 than to any other portion of the 
United States except possibly southern California. Among the best are the live and 
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laurel oaks, evergreen magnolia, camphor, rubber, silk oak, or grevillea, and casua- 
rina. Eucalypti are planted to some extent in Florida, but the climate is such that 
only on the drier grounds of the interior are they likely to succeed, and even there 
they are not to be compared with other excellent species of trees that may be culti- 
vated successfully. 


TREES FOR SPECIAL PURPOSES. 

In the heart of a city, where the greatest difficulty is experienced 
in getting trees to grow, the ailanthus will probably thrive when 
-nearly all other kinds fail. The sycamore and the London plane 
are also good for such places. The Carolina poplar will frequently 
grow under these conditions, and its use may sometimes be 
warranted. 

For very narrow streets the Lombardy poplar is the best tree. 
(Fig. 14.) Trees suitable for use within the reach of ocean spray or 
on sandy lands near the coast are the red oak and the red or scarlet 
maple south to Charleston, S. C., while the sweet gum and the live 
oak are equally good from Norfolk southward and along the Gulf of 
Mexico. The red oak, sweet gum, red maple, and eastern live oak 
are all grown successfully along the Pacific Ocean, while the Cali- 
fornia live oak can be used from San Francisco southward. The trees 
that endure the most alkali appear to be the bladder-nut tree,’ 
London plane, peppermint gum,” blue gum,’ the Washingtonia and 
other hardy fan palms, Canary Island date palm, the camphor 
tree, and Acacia cyclops and Acacia retinodes. Only the first two 
withstand severe freezing weather. The red oak and the red maple 
are worth testing for these conditions. 


DESCRIPTIONS OF STREET TREES. 
ACACIA. 


The acacias,. or wattles, are a large group mostly of small trees 
with showy yellow flowers. Although much used in California, many 
of them are too small to make satisfactory shade trees, and because 
of shallow rooting they are injurious to sidewalks. They also stump- 
sprout badly. They thrive in regions 2 and 3 and in restricted 
portions of regions 1 and 5. 

The Australian blackwood,* blackwood acacia, or wattle, is a 
strong, upright tree, growing to a height of 75 feet and forming a 
well-shaped head. It is badly affected by citrus scale, and on this 
account its planting is sometimes prohibited. 

The black wattle® is a strong-growing round-headed tree that 
reaches a height of 40 feet and has dark-green leaves. 

The green wattle® is a rapid-growing tree, reaching a height of 
60 feet and forming a round head with finely cut leaves. 


1 Koelreuteria paniculata. 4 Acacia melanozylon R. Br. 
2 Kucalyptus amygdalina Labill. 5 Acacia decurrens mollis Lindl, 
3 Hucalyptus amygdalina angustifolia. 6 Acacia decurrens Willd. 
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The silver wattle1 is much like the black wattle except that its 
leaves and young branches are covered with a whitish down. 


AILANTHUS. 


The ailanthus,? or tree of heaven, is a tall, broad, handsome tree 
that is especially valuable in the heart of closely built or smoky 
cities. The staminate and pistillate flowers are borne on separate 
trees. Only the pistillate trees should be used, as the odor of the 
blossoms of the staminate ones is very objectionable for about 10 
days in late spring. These may be produced by grafting from pistil- 
late trees or by propagating from suckers or root cuttings from such 
trees if they have not been grafted. The ailanthus may not suc- 
ceed in regions 5 and 13. 

ASH. 

There are three kinds of ash trees that are useful for street planting. 

The white ash * is a large oval-headed tree, reasonably satisfactory 
on rich lands in regions 1, 2, 3, 4, 9, 10, 11, and 12, but it is better 
adapted to suburban than urban conditions. 

The green ash ‘ is one of the few successful trees in regions 6, 7, 
and 8 and may succeed in region 5. It grows well throughout the 
remainder of the United States, but is of less value than other trees 
there. Itismuch smaller than the white ash, with a broad round top. 

The European ash ® is a large, handsome, round-headed tree suited 
to regions 1, 2, 3, and 4. 

CAMPHOR. 

The camphor tree ° is a large, handsome, oval-headed evergreen 
that will succeed in the southern half of region 2, in regions 3, 5, and 13, 
and in the warmer parts of region 12. It will endure more frost than 
the orange, and where it is successfully grown it is deservedly popular. 


CHINABERRY. 


The chinaberry,’ sometimes known as the China tree, is a small, 
round-headed, short-lived tree that will grow in regions 2, 3, 5, 8, 
11, 12, and 13 and near the southern edge of region 6. It is too short 
lived to be considered for planting where other trees will grow 

The umbrella tree,* or Texas umbrella, is a small, compact form of 
the chinaberry with an umbrella-shaped top. It is useful for formal 
effects, as in the parking on a wide street where taller trees are used 
on the side. It will grow in regions 2, 3, 5, 8, 11, 12, and 13 and in 
the southern parts of region 6. 


1 Acacia decurrens dealbata F. Muell. 5 Frazinus excelsior L. 

2 Ailanthus altissima (Mill.) Swingle (A. glandu- ® Cinnamomum camphora (L.) Nees and Eberm. 
losa Desf.). 7 Melia azedarach L. 

3 Frazinus americana L. 8 Melia azedarach umbraculiformis Berckmans and 


4 Frazinus lanceolata Borck. Bailey. 
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ELM. 


The elms are large, handsome shade trees suitable for use over a 
wide range of territory. 
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Fic. 18.—An American elm with croiches liable to be split by heavy winds. Note the supporting 


chains. 


The American elm, sometimes called the white elm and water elm, 
is one of the handsomest American shade trees. (F igoSe)s siditwhas 


1 Ulmus americana 
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been the standard street tree of New England, giving to the roadsides 
and village streets the characteristic appearance which is so attractive 
to summer visitors. 

The American elm is tall and spreading, and where planted as near 
together as is customary on streets and country roads the effect of 
the mature trees is that of an arch formed by the growing together 
of their spreading tops. It is of rapid growth and long lived. 

This elm drops its leaves very early in the fall, but it comes into 
leaf early in the spring. Because of its manner of branching it is 
especially liable to be split by heavy winds. This trouble may be 
lessened by selecting and planting specimens with a close, compact 
habit of growth or possibly also by great care in training young trees. 
Two limbs separating from one another by a very small angle, that 
is, when they start to grow in nearly the same direction, make a 
crotch that is hable to split. (Fig. 18.) Where two limbs separate 
at nearly a right angle or where three or more limbs of about equal 
size grow from a common point or very nearly so, the crotch is likely 
to be much stronger. Careful pruning and traiming to provide a 
proper system of branches may be especially helpful with this elm. 

Because of the attacks of the elm leaf-beetle’ and the European 
elm bark louse,” many handsome trees have been severely damaged 
or killed before communities were properly equipped for fighting 
them, for with careful spraying these insects may be kept in check. 
However, on account of the existence of these pests and because 
they are gradually spreading to new territory, tree planters should 
consider carefully whether it is advisable to plant the elm in their 
localities. Where there is no danger from these insects, this elm is 
one of the best of street trees. Consultation with the nearest State 
agricultural experiment station or with the Entomologist of the 
United States Department of Agriculture would be advisable in order 
to determine this point. 

The best specimens are to be found in the northern part of region 
10, although the elm is being grown all over the United States and 
is proving a vaiuable street tree even in towns and villages of re- 
gions where the rainfall is as low as 15 inches. It is not recom- 
mended for planting in regions 3 and 5. 

The English elm $ is a tall, oval-headed, compact, handsome tree 
with leaves smaller than the American elm and which stay on much 
later in the fall. In regions 1 and 2 it is at its best, in the former 
equaling the American elm and im the latter excelling it. It also 
thrives in regions 3 and 10 and in the eastern part of region 11. 

The Huntingdon elm * is a comparatively round-headed European 
variety. 


1 Galerucella luteola Mill. 3 Ulmus campestris L. 
2Gossyparia spuria Mod. (Data regarding both 4 Ulmus hollandica vegeta (Lindl.) Rehd. 
insects furnished by the Bureau of Entomology.) 
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It is a large, handsome tree with good foliageand is more compact 
in growth than the American elm. It succeeds well in regions 1, 2, 
3, and 4. 

The wahoo, or winged elm,! is native to the South Atlantic and 
Gulf States near the ocean. It has larger leaves than the American 
elm and is not as spreading in its growth, but it succeeds well on city 
streets in regions 11, 12, and 13. 


EUCALYPTUS. 


There are a large number of species of Eucalyptus, many of which 
can be used for street planting in regions 2, 3, and 5. Some cities 
prohibit their planting because their roots are liable to penetrate 
defective sewers, and in other cities they must be kept at least 70 feet 
from a sewer, though even this distance may not prove permanently 
effective. 

The roots of any tree are liable to find their way into a defective 
sewer, but the trees mentioned are especially noticeable because of 
their vigorous root growth. It may be questioned whether a tree 
should be condemned for this growth, as it may be better to have a 
defective sewer thus revealed than to continue a menace to public 
health. 

Eucalypti are also being planted in southern Florida, but on ac- 
count of the moist climate there it is not to be expected that they will 
succeed as well as in the other regions mentioned. They are tall, 


handsome, quick-growing trees, usually bearing two kinds of leaves 


at some time in their development. 

The blue gum? is one of the best eucalypti and the one most com- 
monly used in California. It is tall, globular headed, handsome, and 
will survive several degrees of frost, but it will not withstand the heat 
of the deserts in region 5. Its roots are especially liable to invade 
sewers. 

The desert gum * is one of the trees most resistant to heat and cold, 
and it makes a handsome avenue tree. It has pendent branches that 
have a tendency to severe splitting with age, but with early attention 
this may be overcome largely. It may prove especially valuable 
for region 5. 

The manna gum * is another Eucalyptus which withstands several 
degrees of frost and makes an excellent roadside tree. Some forms 
shed their bark in long bands that leave the trunks almost white. 
Many people consider it a dirty tree on this account. 

The red gum grows with a broad head, is one of the most resistant 
of the eucalypti to frost, drought, and heat, and succeeds wherever 
any of these trees can be grown in regions 2, 3, or 5, but is most 
useful in region 5. 


1 Ulmus alata Michx. 4 Eucalyptus viminalis Labill. 
2 Eucalyptus globulus Labill. 5 Eucalyptus longirostris F. Muell. 
2 Eucalyptus rudis Endl. 
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The sugar gum! is a drought-resistant variety, but it does not 
withstand cold. Itis a common roadside tree in southern California, 
but becomes straggling with age. 


GINKGO. 


The ginkgo,? or maidenhair tree (fig. 4, B), is a native of Japan that 
thrives in a cool climate or a hot, moist one and succeeds in regions 
1,9, 10,11, 12,and13. Itis extremely erratic in its behavior, some- 
times growing well, sometimes practically not growing at all, but 
where it succeeds it is very disease resistant, and it withstands 
severe windstorms remarkably well. The leaf is peculiar in appear- 
ance, resembling in outline a much enlarged leaflet of maidenhair 
fern with a corrugated surface. The tree is conical when young, but 
as it reaches maturity its top usually fills out, making a broad, almost 
flat-topped, handsome tree. Only the staminate form should be 
used, because the pistillate form bears fruits the flesh of which is 
slippery and dangerous when it drops to the pavement, and to some 
people it is somewhat poisonous to the touch. Ginkgo trees, there- 
fore, would need to be secured by budding or grafting from the 
mature staminate form. 

HACKBERRIES. 


The hackberry,? or sugarberry, is especially valuable in regions 
6, 7, 8, and 9, as it grows satisfactorily where there is comparatively 
slight rainfall. Itis also much used in region 11, but should be super- 
seded there by other varieties that are better. It is of moderate size 
with an oblong head and of rather open growth. It is comparatively 
short lived. Its leaves are much like those of the elm. 

The name sugarberry comes from the sweet black berries that are 
borne in the early fall. The tree is sometimes affected by a fungous 
trouble known as witches’-broom. This trouble causes large numbers 
of small sprouts to start from the affected portion, which gives the 
infected tree an unsightly appearance. The hackberry should not 
be planted where this trouble is prevalent. 

The Mississippi hackberry‘ is a large, open, oblong-headed tree 
with smoother leaves than the common hackberry. It is useful in 
the southern part of region 6, in region 8, and to some extent in regions 
11 and 12. It thrives well under the same adverse moisture condi- 
tions as the common hackberry. The trunk and the large branches 
have little wartlike projections of the bark scattered irregularly over 
them. The small twigs are sometimes more or less spotted or winged 
in the same way. ‘The tree is rather larger than the common hack- 
berry and apparently is less subject to witches’-broom. 

1 Rucalyptus corynocalyr F. Muell. 3 Celtis occidentalis L. 
2 Ginkgo biloba L. ‘Celtis mississippiensis Bose. 
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HONEY LOCUST. 


The honey locust! is a large, open, round-headed, fine-foliaged tree, 
admitting much light through its top. (Fig. 19.) The common 
form has stiff spines 2 to 6 inches long, or even longer. There is also 
a form without spines, which is the one that should be used for street 
planting. It is a useful tree in regions 1, 2, 3, 9, 10, and 11, but is 
especially valuable for planting in regions 6, 7, and 8, and may 
prove useful in region 5. 


Fic. 19.—A street shaded with honey locusts, as seen in late summer. Washington, D.C. 


HORSE-CHESTNUT. 


The horse-chestnut? has handsome blossoms that are very showy, 
and when in bloom an avenue of these trees commands attention. 
It is a close relative of the buckeye, or Ohio buckeye, which is also 
a handsome tree, though less desirable. It is objectionable because 
it is likely to be broken by boys clubbing it for its nuts, which are 
inedible, or where its leaves are affected with a midsummer blight 
which makes it unsightly during the remainder of the season. It is 
a medium-sized round-headed tree that does much better under 
surburban than under city conditions. It thrives in regions 1, 2, 
3, and 10. é 


1 Gleditsia triacanthos L. 
2 Aesculus hippocastanum L. 
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LINDEN. 


The basswood,! or linden, is a large round-headed tree that is 
excellent for roadsides in surburban locations and does well on city 
streets if the conditions are not too severe. On account of the dark 
upper surface and the lighter under surface of the leaves and the 
sweet-scented blossoms in early summer it is much admired. It is 
not as reliable as some of the other shade trees, as when young it is 
sometimes attacked at the base of the trunk by a fungous growth 
that kills the tree. When once established it forms handsome avenues. 
It is suited to regions 1, 2,3, 4, 7, 9, 10, and 11. 

The linden,” or European linden, has much smaller leaves than the 
American linden, or basswood, with more contrast between their 
upper and lower surfaces. It is not much different in size, but is 
a little more compact in growth and holds its leaves longer in the 
fall. It is a useful tree for street planting in regions 1, 2, 3, 4, 9, 
10, and 11. 

LOCUST. 

The locust,? or black locust, is one of the desirable street trees in 
regions 6, 7, 8, and probably in region 5, as it thrives with com- 
paratively little moisture. It makes a moderate-sized oval head 
that bears sweet-scented white flowers in late spring or early summer. 
Its greatest drawback is its liability to serious injury and disfigure- 
ment by the locust borer,‘ but with proper care this injury can be 
prevented.®> In some parts of the East it is also subject to a leaf 
miner ® that gives its foliage a burned appearance. In region 3 it 
holds its seed pods for several years and thus becomes very un- 
pohly. MAGNOLIA. 

The evergreen magnolia’ is one of the few good evergreen trees 
for street planting, but it is adapted only to regions 1, 2, 3, 11, 12, 
and 13. There are but few conditions that warrant the planting 
of a tree having foliage as thick as this, because of the dense shade, 
which is especially undesirable in winter. It grows to be a large 
oval-headed tree and bears beautiful large white blossoms in late 
spring or early summer. — 

Among the maples are some undesirable trees much used for 
street planting and some that are valuable only in restricted areas 
or under special conditions. The maples are not as satisfactory for 

2 Tilia platyphyllos Scop. 
- 8 Robinia pseudacacia L. 
4 Culene robiniae Forst. (Datafurnished by the Bureau of Entomology). 
>See U.S. Dept. of Agriculture Bulletin 787, entitled ‘‘ Protection from the Locust Borer.’’ 


6 Chalepis dorsalis Thunb. 
7 Magnolia grandij. aL. 
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street planting as usually has been supposed, few of the species 
being suitable for this purpose and these only in a limited way. 

The ash-leaved maple, or box elder,’ is native to all of the country 
east of the Rocky Mountains except the regions near the South 
Atlantic.and Gulf coasts. It is a small, quick-growing tree that will 
thrive almost anywhere, but it reaches maturity early. Because of its 
early decay and of its being subject to destruction by wind, it should 
not be used for street planting where other treessucceed. It would be 
a good tree for inter- 
planting were it safe 
to risk taking out 
some of the trees at 
the right time. The 
objection to using 
these trees is that 
they would be so 
likely to look larger 
and better than the 
permanent trees at 
the time they should 
be removed that pub- 
lic opinion would 
probably resent their 
removal. There may 
be conditions’ requir- 
ing the use of this tree 
in regions 6, 7, and 8, 
but it should be grown 
only when the other 
trees suggested for 
these regions will not 
succeed. 

The English maple? 
issmall, round headed, 


4 ie poooasHe = =96»- With small dark-green 
1G. 20.— maple, as seen in late winter, showing its poor : : 
ple Pea hee othe ay leaves, useful in re- 


shape when trimmed to a high head. d 
gions 1, 2, 3, and 4. 


The Norway maple*® is round headed and eventually reaches 
large size, but, as compared with most of the other maples, it is 
slow growing (fig. 4, C). The persistence of its tendency to form 
a low head makes it difficult to give it a high head of desirable shape 
(fig. 20). It is also very thickly branched, and its foliage, being 
heavy and dark green, permits but little light to pass through. On 
this account it is rather undesirable for street planting. By severe 
pruning of the interior of the head this defect may be somewhat 


1 Acer negundo L. 2 Acer campestre L. 3 Acer platanoides L. 
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overcome. The tree is practically disease and insect free, with the 
exception of a liability to infestation by a leaf aphis* which pro- 
duces yellow spots on the leaves and causes them to drop prema- 
turely; also, the honeydew which they produce is so abundant at 
times as to cover the leaves and wet the sidewalk beneath the 
tree, the leaves under certain weather conditions becoming blackened 
with dust accumulating and a fungus growing in the secretion, 
thereby giving the tree an unsightly appearance. This aphis, how- 
ever, is not always present and does not seriously injure the tree. 
The Norway maple comes into leaf later than most of the other 
maples, but holds its leaves later in the fall. They usually assume 
a bright yellow hue before they drop. The leaves are preceded 
by an abundance of yellow-green blossoms. On account of its dense 
shade and masses of fine fibrous roots it is difficult to grow grass 
under this tree. Its good shape and attractive dark-green foliage | 
make it popular for street planting in spite of its dense, low head. 
It will succeed in regions 1, 2, 3, 4, 9, 10, 11, and 12. 

The Oregon maple? is the large-leaved maple of the northern 
Pacific slope. It forms a large round head, and with its unusually 
large dark-green leaves makes a very attractive street tree that 
succeeds well in regions 1, 2, 3, and 4. Jt is valuable and worthy 
of more extended cultivation on the Pacific coast. 

The red maple,? scarlet maple, or swamp maple is one of the 
most widely distributed of American trees. It is found from Canada 
to the Gulf of Mexico and west to the Rocky Mountains. Its leaves 
are the smallest of any of the eastern native maples, but it grows 
large and the trees are usually of rather upright outline. It is 
better adapted to suburban conditions than to city streets and is 
one of the few trees that succeed well near the ocean. It has bright- 
red blossoms before the leaves appear. The young leaves and fruits 
are also red. The mature leaves begin to color early, some branches 
coloring as early as the middle of July, assuming brilliant reds and 
yellows and staying on later than those of the sugar maple. It is 
a handsome tree that is not as much used as it deserves to be in 
regions 1, 9, 10, 11, 12, and 13. 

The silver maple,* also called the soft maple, white maple, and 
swamp maple, is probably more used for street planting through 
the whole United States than any other tree, and with one excep- 
tion it is the least desirable. Jt is usually planted because it is a 
quick-growing tree, but it is not more rapid in growth than several 
other much better trees. There are three serious objections to its 
use as a street tree. The first is its brittle wood, which at an early 

1 Pcriphyllus lyropictus Kess. (Data furnished 3 Acer rubrum L. 


by the Bureau of Entomology.) 4 Acer saccharinum L. 
2 Acer macrophyllum Pursh. 
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age is easily broken by ordinary windstorms and causes it when 
a comparatively young tree to become unsightly. The second is 
its shallow rooting, which has a tendency to destroy pavements 
and also makes it difficult to grow grass near the trees. The roots also 
will grow into sewers. The third is the tendency to decay; the 
tips of the limbs frequently die, leavmg:the whole top of the tree 


‘bare of leaves, and the wood decays quickly, especially if the bark 


is broken. For this reason it does not stand pruning as well as most 
other street trees, and it probably has been pruned more ruthlessly 
than any other tree, 


lina poplar. Itshould 
never be severely de- 
headed or, as it is 
popularly called, ‘‘de- 
horned”’ (fig. 21), as 
the stubs will practi- 
cally never heal over, 
and from these cuts 
decay will start, which 
in a very few years will 
rot the center of the 
limbs and trunk and 
thus destroy the tree. 
Although it forms a 
large round head with 
an open top and its 
foliage is pale green 
above and almost 
white beneath, mak- 
ing a very delight- 
ful shade, on account 
of its weaknesses it 
should never be used 


P12542 He f t t 1 AS 
Fic. 21.—Silver maples severely headed back, an improper way to or street planting 


treat trees, especially silver maples, except under very unusual where other trees can 


conditions. Washington, D. C.; midsummer. be ma de Ae eTow 


The sugar maple,! or hard maple, is especially adapted to eravelly 
soils in regions 1, 10, and 11, the northern parts of regions 2 and 8, 
and the eastern sind soulern parts of region 9. It is oval headed, 
large, and handsome, having red blossoms which individually are 
inconspicuous but which in mass are showy early in the spring 
before the leaves appear. The leaves come early, but in late sum- 
mer they begin to turn brilliant yellow and red and drop before most 
other leaves. The sugar maple does not thrive under city con- 
ditions, but is admirably adapted to suburban conditions. 


1 Acer saccharum Marsh. 


unless it is the Caro- - 


7s. 
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Although the sycamore maple! is similar in appearance to the 
Norway maple, it is not a satisfactory street tree in the eastern 
United States. It succeeds, however, ir regions 1, 2, 3, and 4. 


OAK. 


Of the trees used for street planting the oaks are best. They 
probably have not been more widely planted because of the preva- 
lent belief that they are slow growers and because in the North they 
are rather difficult to transplant. Although some of the hand- 
somest species, like the white oak and live oak, are slow growers, 
those suitable for street 
planting are compara- 
tively rapid growing. 
The white oak and su- 
gar maple shown in fig- 
ure 22 are each 32 years 
old and although dif- 
fering inshapeare prac- 
tically the same size, 
yet the sugar maple 
is considered a suffi- 
ciently rapid growing 
tree to be planted fre- 
quently as a_ street 
tree, while the white 
oak is seldom so used. 
The oaks are hardy, 
most of them are long 
lived, and for the most 
part they are free from 
disease and insect at- 
tacks. Some of the 


southern species are PIS662HP 


subj ect to attacks of Fic. 22.—A sugar maple (on the left) and a white oak (on the right), 
ee tle Oe each 32 years old and nearly the same size. 
m . 


The California live oak ? is an evergreen suitable for use in region 2 
and succeeds adjacent to the ocean. It is also useful in region 3 
and in the western part of region 5. It is easily transplanted if 
handled young, and especially so when planted from pots. 

The chestnut oak * is a native of gravelly soils on eastern moun- 


tains and is suitable for gravelly soils in suburban locations in 


regions 9, 10, and 11. It is a large, handsome tree. 
The Darlington oak‘ is a form of laurel oak especially desirable 
for street planting. It is large, round headed; the leaves are a trifle 


1 Acer pseudoplatanus L. 3 Quercus montana Willd. (formerly Q. prinus). 
2 Quercus agrifolia Nee. 4 Quercus laurifolia Michx. 
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smaller and not quite so nearly evergreen as the laurel oak. It 
is found wild about Darlington, S. C., where a good form of the laurel 
oak appears to have been introduced as a shade tree in the early 
part of the nineteenth century, (Fig. 23.) Its range of usefulness 
lies in regions 11 and 12. 

The laurel oak + is a large, oval-headed tree that is not as rugged 
and irregular as the live oak, but is suitable for street planting in 
regions 11, 12,and 13. It has large, thick, glossy leaves, and in 
the warmer regions it is almost evergreen. Jt is readily trans- 


PI6461HP 


Fic. 23.—A Darlington oak as seen in late summer, Darlington, S.C. 


planted, but as it is not so common in the woods as the willow oak 
and. the water oak, it has not been so much used as a street tree. 
The live oak? (fig. 16) is probably the noblest and most majestic 
of the oaks of regions 12 and 13. It is evergreen and of slow growth, 
but wherever it is found, whether on streets or in public parks, it is 
the pride of the people. Although an evergreen it is sufficiently 
open headed to make a good street tree. When it becomes old it is 
spreading and as a rule does not form as high a head as the willow 
oak and the laurel oak. Compared with other southern oaks it is 
difficult to transplant. It is of sufficient merit to be used on broad 


1 Quercus laurifolia Michx. 2 Quercus virginiana Mill. 
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streets, and especially on boulevards, where the good of the future 
as well as the present is considered. 

The burr oak,! or mossy-cup oak, is native in the northeastern 
United States and west of the Mississippi River on the hills lying 
between the river bottoms and the prairies west to the western parts 
of the Dakotas and Nebraska and central Kansas and Texas. It is a 
large, handsome tree that should prove satisfactory under suburban 
conditions in regions 7, 8, 9, 10, and 11 and on fertile well-watered soils. 

The pin oak,? sometimes called the swamp oak, is a tall tree, conical 
when young, oval at maturity, with a drooping habit of the lower 
branches. The leaves are quite finely divided and are of a bright 


PI4413HP 


Fic. 24.—A street shaded with red oaks, Washington, D. C.; midsummer. 


glossy green. The tree comes into leaf late in the spring and holds its 
foliage late in the fall. One objection to the pin oak for street 
planting is that on many specimens the dead leaves hang on through 
the winter. It is adapted to narrower streets than the red oak, as its 
habit of growth is not so spreading. On account of the tendency of 
the limbs to droop, particularly as they get older, it is desirable 
that a good strong leader should be developed, so that the lower 
limbs may be removed from time to time as conditions require. 
The pin oak thrives on wet and on heayy clay soils, as well as on a 
wide range of other soils. Figure 4 shows pin oaks, Norway maples, 
-and ginkgos 18 years old on adjacent streets, and illustrates the 
rapid growth of this oak. At the time of planting these trees the pin 
oaks were thought to have the poorest location. This tree is adapted 
to regions 1, 2, 3, 4, 9, 10, and 11. 


1 Quercus macrocarpa Michx. 2Quercus palustris L. 
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The red oak? (fig. 24) is probably the best tree for street planting 
in regions 1, 9, 10, and 11 and is satisfactory in regions 6, 7, 8, and 12. 
Tt is a large, oval, open-headed tree of rapid growth. Under good 
conditions a young red oak will grow 4 feet in a single season. Like 
the other oaks it is slow in coming into leaf in the spring, but holds 
its foliage late in the fall. The leaves usually turn a brilliant red 
before they drop. It is comparatively free from insect and fungous 
attacks, and it is one of the few trees really suitable for planting close 
to the ocean, as it thrives on sandy lands only a few feet above high 
tide or iehia the reach of ocean spray. _. 

The scarlet oak? is a large, open, round-headed tree. Its leaves 
are more deeply divided than those of the red oak. As its name 
indicates, the leaves turn a brilliant scarlet in autumn, being even 
more gorgeous than the red oak. This tree is adapted for street 
planting and is especially desirable for suburban conditions in regions 
1, 9, and 10. 

The swamp Spanish oak? is adapted to regions 11, 12, and 13. 
It belongs to the red-oak group, but is larger than the other oaks 
suggested for street planting. It is well adapted to suburban loca- 
tions, but apparently it has not been tested under severe city 
conditions. 

The valley oak*is a beautiful tree for regions 2 and 3 and the more 
favorable parts of region 5. When transplanted young, especially 
if taken from a pot, it is easily established where there is opportunity 
to water it for a few years. 

The water oak® is frequently confused with the willow oak and 
the laurel oak, as these three oaks are not distinguished from one 
another except by close observers of trees. It is probably more used 
than any other tree in the cities of region 12 and the adjoiing portions 
of region 11. It is the weed of the southern oaks and one of the 
weeds of the street trees of the Southern States. It is comparatively 
short lived and seems to be more subject to attacks of mistletoe and 
more easily affected by windstorms than the willow oak, the Darling- 
ton oak, and the laurel oak. The planting of this tree should be 
avoided, because it is less desirable than the other oaks mentioned. 

The willow oak ° (fig. 1), sometimes erroneously called the water 
oak, is one of the best of the quick-growing oaks for use in regions 
11 and12. Itis frequently used with the water oak for street plant- 
ing and in the mind of the average planter is confused with it. Itis, 
however, a distinct tree, which can be distinguished readily from the 


1 Quercus maxima (March.) Ashe (formerly Q. rubra). 

2 Quercus coccinea Muench. 

3 Quercus rubra Li. (formerly Q. falcata, and certain forms separated by some bouanists as Q. pagodae- 
folia Ashe). 

4 Quercus lobata Nee. 

5 Quercus nigra L. 

6 Quercus phellos L. 
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water oak. It is longer lived and is its equal in every other respect. 
Trees of this variety which apparently have been planted about 
80 years are found in excellent condition, while water oaks planted 
at the same time have either entirely disappeared or are showing 


Fig. 25.—Leaves of some of the southern oaks; A, Live oak; B, willow oak; C,laurel oak; and D, water oak. 


) 
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marked evidences of decline. Figure 25 shows the characteristic 
appearance of the leaves of these nearly related species of oaks. 
That the willow oak is readily transplanted in the South when of 
comparatively large size is proved by the success with which trees 
12 feet high are dug from the woods and planted on the street 
(fig. 26). In the extreme South this tree is nearly half evergreen. 
Tts foliage does not assume the bright colors of the trees of the red-oak 
class. 
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Fic. 26.—Recently transplanted willow oaks, showing trees taken from the woods as they appeared 
near the end ofthe second summer. Montgomery, Ala. 


PALM. 


Several varieties of palms are used more or less for street planting 
in regions 2, 3, 5, 12, and 13. Though sometimes effective as a 
formal street decoration (fig. 27), they can hardly be considered 


shade trees. 
PALMETTO. 


Palmettos, or sabals, abound in region 12 near the coast; succeed in 
regions 3, 5, and 13; live in region 2; but are seldom grown satis- 
factorily close to the Pacific coast. They can be used effectively 
for formal plantings along some streets, park drives, or in liberal 
central parking spaces in boulevards, but they are not useful as a 
substitute for shade trees. They should have their leaves and 
damaged roots cut off in transplanting and should be set about 
3 feet deep in their new location. 


1 The palms are treated on the basis ofnotes furnished by Dr. O. F. Cook, ofthe Bureau of Plant Industry. 
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The Carolina palmetto! is a native of and useful in regions 12 and 
13, where it sometimes attains a height of 60 or 80 feet. It will 
thrive in regions 3 and 5, but is used less there. 

The Texas palmetto? is especially valuable for southern Texas, 
where it is indigenous, and it is likely to succeed generally in regions 
8, 5, and 12. It grows to a height of 40 feet and in appearance is 
quite distinct from the Carolina palmetto, the leaf segments being 
much broader and less drooping.* 
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Fic. 27.—A formal planting on a city street. Palms with interplantings. Redlands, Calif., in mid- 
summer. 


The Victoria palmetto‘ is another hardy species, probably a native 
of Mexico, but grown for many years at Victoria, Tex. It is similar 
to the native Texas species and worthy of general planting in the 
same region. A feature of this species is that the persistent leaf 
bases remain alive and green for many years instead of turning 
yellow or brown, as in the Carolina palmetto. 


WASHINGTONIA PALM. 


Washingtonia palms are a very conspicuous feature of street and 
ornamental planting in southern California. Two species are 
represented, Washingtonia filifera Wendland and W. robusta Wend- 
land. The first is a native of the canyons and barren slopes that 
surround the Coachella Valley of southern California, while the other 
species probably was brought by way of the Isthmus of Panama 


1 [nodes palmetto (Walt.) Cook. 

2 Inodes terana Cook. 

3 The Texas palmetto. Jn Jour. Heredity, v. 8,no.3,p.123, pl. 1917. ; 

4Cook, O. F. A new ornamental palmetto in southern Texas. In U.S. Dept. Agr., Bur. Plant Indus. 
Cir. 113, p. 11-14. 1913. 
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from the region of San Jose del Cabo, the extremity of Lower Cali- 
fornia, in the early days of travel. The name robusta alludes to the 
fact that this species grows much more rapidly in height than 
W. filifera, though the trunk is more slender. Both species are 
hardy-and thrive well through regions 2, 3, and 5, and also in regions 
12 and 13. Washingtonia robusta requires less heat than W. filifera, 
but both will endure several degrees of frost. Even in California 
Washingtonia robusta is distinctly preferable for localities near the 
coast. In the vicinity of San Diego the leaves of Washingtonia filifera 
become badly infested with a parasitic fungus that does not attack 


Washingtona robusta. 
OTHER HARDY FAN PALMS. 


The species most commonly used for street and ornamental plant- 
ing in the California coast districts is the Chinese or windmill palm. 
This palm has a slender trunk clothed with brown fibers, flat fan- 
shaped leaves, and rather straight radiating segments. The same 
species is hardy at New Orleans and Charleston, and even at Laurens, 
S. C., at an altitude of 600 feet, but it does not thrive in the sandy 
soil of Florida. 

The vegetable hair palm,? a native of Spain, Sicily, and North 
Africa, is similar to the Chinese palm but smaller and more compact 
and with large,sharp spines on the petioles of the leaves. When 
young it suckers from the base, like the date palm, so that clusters of 
it may be formed. 

The Guadeloupe Island palm? is one of the most sonal species 
in southern California in the region of Santa Barbara, Los Angeles, 
and San Diego. This palm is a native of Guadeloupe Island, off 
the coast of lower California, and is not known to occur elsewhere in 
the wild state. It is well adapted to the cool coast climate of Cali- 
fornia, but not to the interior valleys. It is smaller than the Wash- 
ingtonia palms, with a rather short trunk, 15 to 20 feet high, and a 
dense crown of fresh green leaves. 

The California blue palm,’ formerly placed in the same genus with 
the Guadeloupe Island species, is very distinct in habits as well as in 
general appearance, having bluish or grayish green leaves, strongly 
toothed petioles, and long, slender inflorescences. The trunk is 
very robust, often 2 to 3 feet in diameter, and is said to attain a 
height of 30 to 40 feet in Mexico. Several of these features are shared 
with the Washingtonia palms. It also has the ability to grow in the 
dry, hot interior valleys (regions 3 and 5). In Texas the blue palm 
has proved hardy at San Antonio, and even as far north as Austin. 

1 Trachycarpus excelsa (Thunb.) Wendl. 
2 Chamaerops humilis L. 
3 Erythea edulis (H. Wendl.) S. Wats. 


4 Glaucothea armata (formerly known as Erythea armata). See Cook, O. F., Glaucothea, a new genus of 
palms from Lower California. In Jour. Washington Acad. Sci., v. 5, p. 236-241. 1915. 
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DATE PALM. 


The Canary Island date palm! is the most popular palm for park 
or street planting, being more hardy than the true date palm, larger 
and more vigorous in growth, and producing no suckers from the 
base of the trunk. Well-grown specimens in the California coast 
districts (region 2) with trunks from 2 to 3 feet thick and immense 
crowns of spreading deep-green leaves are among the most imposing 
forms of plant life. Though less robust in other regions, the species 
is very hardy and adapted for planting anywhere in the palm belt 
(regions 3, 5, 12, and 13). 

The true date palm? is adapted to the warmer parts of regions 3 
and 5, but it is much inferior to the Canary Island species for orna- 
mental use because the foliage is less attractive, due to its habit of 
sending out suckers from the base of the trunk. 


THE COCONUT AND ITS RELATIVES. 


The true coconut palm is confined to a narrow belt along the coast 
of southern Florida, but other species of cocos are planted in the 
coast districts of California. The species that is most prominent 
in park and street plantings around San Diego, Los Angeles, 
and Santa Barbara is usually known as Cocos plumosa or Cocos 
romanzofiana, and is a rather tall, slender palm with a long-jointed 
trunk about 1 foot in diameter and long, spreading, feathery, deep- 
ereen leaves. Another series is represented by Cocos yatay and 
several similar species, often called Cocos australis in nursery cata- 
logues. They have short, thick trunks, very glaucous grayish or 
bluish foliage, and fleshy edible fruits, highly flavored, somewhat 
like pineapples. These gray-leaved species are very hardy. An- 
other coconut relative is the Chilean molasses palm,? which has a 
massive trunk 3 or 4 feet in diameter, specimens of which are growing 
at a few places in California. 


OTHER PINNATE PALMS. 


The amethyst palm, a native of Australia, is commonly planted 
in California. It usually appears in lists and nursery catalogues 
as Seaforthia elegans or Archontophoenia alexandrae, but it is now 
recognized as distinct from both of these species and has received 
a new name, Loroma amethystina. It is the only pinnate-leaved 
palm, except certain species of Phoenix and Cocos, that grows freely 
in the open air in the coast districts of California, from Santa Bar- 
bara to San Diego. In habit and general appearance Loroma is 
more like the royal palm, though with a smaller trunk and fewer 
leaves. The pinkish purple drooping inflorescence is very attractive 
and develops into a large cluster of scarlet berries. 


1 Phoenix canariensis Hort. 2 Phoenix dactylifera L. 3 Jubaea chilensis Baill. 
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The royal palms, species of Roystonea, are perhaps the most 
striking ornamental members of the whole group. They can be 
grown in southern Florida and even exist in the wild state in some 
of the hammocks below Miami. 


PEPPER TREE. 


‘The California pepper tree’ is much used in regions 2 and 3 andin 
the western part of region 5. It is a moderate-sized broad-headed 
tree with fine foliage, which gives it a light, airy appearance. Dur- 
ing the fall and winter it is covered with scarlet berries, which in 
contrast with the persistent foliage produce a pleasing effect. 
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Fig. 28.—A pavement heaved by the roots of poplar trees. 
POPLAR. 


Poplars are not desirable for street planting. Their wood is 
brittle and easily broken by ordinary windstorms, and their roots 
run near the surface and are likely to interfere with pavements, as 
shown in figure 28, while those of some varieties are especially liable 
to make trouble in sewers by filling them with a mass of fibrous roots 
if access is once gained. Vigorous root growth is encouraged by the 
moisture from a leak, and the roots ultimately find their way inside. 

The southern cottonwood,? Carolina poplar, and the northern 
cottonwood are so similar in their adaptability for street-planting 
purposes that they will be discussed together. They are easily 
propagated, easily transplanted, are quick growing, and where they 


1Schinus molle L. 2 Populus deltotdes Marsh. 3 Populus virginiana Fouger. 
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reach maturity under normal conditions form very large oval-headed 
handsome trees, but under the artificial conditions existing in cities 
it is necessary to prune them quite severely when young to remove 
the long vigorous growths and make the heads more compact. This 
pruning stimulates more vigorous growth, which must be removed or 
they will form long branches with heavy tops, that are especially 
liable to be injured by windstorms. The more they are pruned the 
greater the tendency to an undesirable form of growth. They begin 
dropping their leaves early in the summer and lose them very early 
in the autumn. Their root. growth is especially vigorous, so that 
they are liable to make trouble in sewers in the manner already 
mentioned. It is largely on this account that many cities prohibit 
the planting of these trees. Except in regions 6, 7, or 8 or in loca- 
tions where smoke and fumes in the air prevent the growing of 
other trees, they should not be planted. 

The Lombardy poplar’ is a tall columnar tree adapted for use on 
very narrow streets (fig. 14). It is short lived in many places, due 
largely to the European poplar canker, but otherwise is a satisfactory 
tree for these conditions in all parts of the United States. The trees 
may be planted as close together as 30 feet. 

None of the other poplars have much to recommend them for 
street planting. 

se RUBBER TREE. 

The rubber tree’ is a large-headed handsome evergreen, suitable 
for regions 3 and 5 and the southern parts of regions 2 and 13 when 
the use of an- evergreen tree is warranted. 


SILK OAK. 


The silk oak,? or Australian fern, is a large, handsome tree that 
succeeds well in regions 2, 3, and 13; also in region 5 if provided 
with a reasonable amount of moisture, as it stands drought remark- 
ably well. It is covered in early summer with orange-colored 
flowers. 

SWEET GUM. 

The sweet gum‘ is adapted to regions 11, 12, and 13, especially 
on sandy lands. Jt forms an oval-headed, handsome tree with star- 
shaped leaves that assume a particularly brilliant hue in the autumn. 
It is better adapted to suburban conditions than to the heart of a 
city. Toward the northern limits of its successful cultivation it is 
difficult to transplant, while in the warmer sections of the country 
it can be moved with comparative ease. It should be transplanted 
only in the spring. 


1 Populus italica (Du Roi) Moench. 3 Grevillea robusta A. Cunn. 
2 Ficus elastica Roxb. 4 Liquidambar styracifiua L. 
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SYCAMORE. 


The sycamore,’ also called the buttonwood and buttonball tree, is | 
a large, open, spreading, quick-growing tree native along water- , 
courses. Jt is adapted to regions 1, 2, 3, 4, 9, 10, 11, 12, and 13 | 
and is worth testing in regions 5, 6, 7, and 8. Its habit of shedding | 


its outer bark in large flakes, leaving the white new bark showing in 
large patches, makes it a conspicuous tree wherever grown. ‘The 
fruits are balls 1 inch or more in diameter and are sometimes ob- 
jected to because they make dirt when falling; also the shed bark 
is considered objectionable. Jt is such a strong-growing handsome 
tree and succeeds so well under city conditions that it is being planted 
more and more frequently. It will stand more pruning and shaping 
than any other street tree. Without pruning it is too large for ordi- 
nary streets unless spaced at almost double the usual planting dis- 
tance, with the trees staggered along the street instead of being 
planted opposite. Its high head and open habit of growth are dis- 
tinct advantages for street planting. Its foliage, too, is a light green, 
which gives an impression of airiness with the shade. It is subject 
to attack by a fungus that kills the leaves while still small or par- 
tially mutilates them, giving them an unsightly appearance. In 
some places this trouble is quite Serious. 

The California sycamore’? is a native of California adapted to 
regions 1, 2, 3, and 4 and portions of region 5. It is similar in gen- 
eral distin: istics to the sycamore. 

The London plane tree? is one of the Old World forms of sycamore, 
According to Alfred Rehder,‘ ‘‘the true oriental plane is rare in 
cultivation, the tree usually planted under this name being Platanus 
acerifolia.”’ It it more compact in habit of growth and has the 
other good qualities of the sycamore. It is beng more and more 
used on city streets and is proving satisfactory in regions 1, 2, 3, 4, 
9, 10, 11, and 12. It will probably succeed in the warmer parts of 
regions 6 and 7 and also in regions 5 and 8. It is a more desirable 
tree for ordinary use than the sycamore, on account of its more 
compact habit and comparative freedom from disease, though it is 
tender in the northernmost sections. 


TULIP TREE. 


The tulip tree > is also sometimes called the tulip poplar or yellow 
poplar, though the latter names are unfortunate, as the tree is not a 
poplar or even closely related to the poplars. It is a large, rapid- 
growing tree suitable for suburban conditions in regions 1, 2, 10, 11, 


1 Platanus occidentalis L. 

2 Platanus racemosa Nutt. 

3 Platanus acerifolia (Ait.) Willd. 

4 Bailey, L. H.,ed. New York,1916. Standard Cyclopedia of Horticulture, vy. 5, p. 2707. — 
5 Liriodendron tulipifera L. 
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and 12. The leaves are of unusual form, the upper half appearing 
to have been cut away, leaving a notch about where it would seem 
the middle of the leaf should be. The color is a light green. The 
roots are unusually soft and tender, and therefore the tree needs to 
be transplanted quickly and with great care. Small sizes should be 
planted, especially near the northern limits of growth. Jt should be 
transplanted only in the spring. If after transplanting it the top 
should die and a new vigorous shoot should put out from the root, it 
would be desirable to four a new top from this shoot rather than to 
transplant another tree. 


CULTURE OF STREET TREES. 
SELECTION OF INDIVIDUAL TREES. 


Nursery-grown trees should be used for street planting, and they 
should have been transplanted at least every two years while in the 
nursery. ‘This is to insure a thorough root pruning and the produc- 
tion of numerous fibrous roots close to the trunk. ‘Trees not fre- 
quently transplanted form a few long roots that are largely cut off 
when the tree is dug. Trees growing in the woods form a few very 
long roots, and when an attempt is made to dig them only a little of 
the root next the trunk is obtained, while most of the roots, includ- 
ing the fibrous ones, are left in the ground. If woodland trees are 
wanted for street purposes, most kinds should be grown for a few 
years in a nursery in order to form a good root system before being 
planted on the streets. 

In addition to a good root system, the tree should have a straight 
trunk for the variety, with a good set of branches, called the head, the 
bottom branches being from 7 to 9 feet from the ground. Trees 
which naturally head low should be started with a higher head than 
those varieties that have a tendency to an upright growth. <A good 
head for a shade tree is a leader or upright branch with three or more 
side branches about equally spaced around the tree. The trees 
should be healthy, free from scars, and also free from evidences of 
insects or diseases. In the presence of insects, trees should be thor- 
oughly fumigated along approved methods before leaving nurseries, 
to insure against the introduction and distribution of pests. Weak- 
ened vitality resulting from transplanting and subsequent neglect 
will frequently invite attack by bark-boring insects which seriously 
damage or kill the trees. Mulching and watering will often prevent 
this damage. 

Opinion as to the size to plant differs somewhat, but for average 
conditions trees from 10 to 12 feet high and with trunks or stems 
from 2 to 24 inches in diameter! are very satisfactory in most 


es 


1 Designated by nurserymen as ‘‘caliper.”’ 
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varieties used for street purposes. With such varieties as elms, 
sycamores, and some southern oaks, somewhat larger trees can be 
used equally well, while smaller trees would be better in the regions 
of limited rainfall both east and west of the Rocky Mountains and 
for tulip trees and sweet gums, especially in the northern portion of 
their range of usefulness. 


PREPARATION OF HOLES. 


Next to the selection of a proper variety, the preparation of the hole 
is the most important detail of street-tree planting. Because of the 
restricted area available for the spread of the tree roots, and owing to 
the artificial conditions imposed by the improvement of city streets, 
the soil provided for the feeding ground of the roots of the young tree 
must be liberal in quantity and of the best quality. From 2 to 3 
cubic yards of soil should be provided for each tree. It is desirable to 
have at least 18 square feet of opening in the sidewalk, especially if 
it is of concrete or other impervious material. Trees will grow with 
smaller sidewalk openings, but they are not likely to thrive so well, 
and it is impossible properly to prepare a hole for planting a tree with- 
out disturbing at least this much surface soil. The proper depth of 
soil is from 24 to 3 feet. A hole 3 feet deep large enough to hold 2 
cubic yards of soil has a surface area of 18 square feet. A hole 
6 feet long, 3 feet wide, and 3 feet deep will hold 2 cubic yards of soil, 
will have the smallest desirable surface area, and will be of such 
dimensions as will best conform to the usual sidewalk and roadway 
widths and thus not interfere with traffic. 

The tree hole must be so drained that water will not stand in it. 
If the soil is so impervious as to hold water some artificial drainage 
must be provided. That portion of the depth of a hole that acts as a 
cistern for holding water is valueless as a feeding ground for roots. 
For every cubic foot of soil in the bottom of a hole that might thus 
be made valueless by standing water, 14 cubic feet of soil should be 
added by increasing the length or width of it. Under no cireum- 
stances, however, should the depth of available feeding ground be 
less than 2 feet. The deeper the roots may be encouraged to grow, 
the less injury is likely to be experienced from drought. 

The soil used should be topsoil from land that has been producing 
good crops. This should be well enriched with rotted manure, one 
part of manure to four of soil. The addition of such fertilizers as 
ground bone, tankage, fish scrap, or cottonseed meal at the rate of 
1 pound to the cubic yard of soil is also helpful Commercial ferti- 
lizers containing mostly phosphoric acid obtained from other sub- 
stances than ground bone are not to be recommended for use in the 
soil about the roots at planting time. When used they should form 
a surface application, worked into the soil after planting. 
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PLANTING. 


If trees are shipped from a distance they should be taken at once on 
arrival to some point where the roots may be carefully covered with 
soil; there they should be unpacked and plenty of loose moist earth 
worked thoroughly around and over the roots as fast as they are taken 
from the box. This temporary 
covering of the roots is called 
‘‘heeling in.” (Fig. 29.) The 
tops may be either erect or laid 
almost on the ground in succes- 
sive rows, the tops of one row 
lying over the roots of the pre- 
vious rows, the object being to 
cover the roots thoroughly and 
keep them moist until the tree 
is wanted for permanent setting. 
Not a moment of exposure should be permitted between the box and 
the soil. If the roots appear dry, they may be dipped for a few min- 
utes before heeling in in a tub of water or in thin mud. 

Trees in large quantities are often packed directly in cars with a 
small quantity of straw about the roots. When shipped in this way 


: P20370HP 
Fia. 29.—Trees properly ‘‘heeled in.” 


P20000HP 
Fic. 30.—Trees handled in a careless manner. The roots should have been covered with wet canvas. 


extra care (compare figs. 30 and 31) must be exercised in taking the 
trees to the point where they are to be heeled in. The wagon in 
which they are to be hauled should have a tight box, and wet canvas 
should be tied tightly over the load. The last is important, so that 
there may be no chance for the roots to dry. 
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When taking trees from the ground where they have been heeled 
in to the place for planting, great care must also be exercised to see 
that the roots are not exposed to sun or wind, but are kept closely 
covered with moss, wet burlap, or canvas until planted. Lack of 
care in this matter is a greater cause of loss in tree planting than care- 
lessness in any other particular. One city that has its own nursery 
and uses largely trees that are supposed to be difficult to move, but 
is careful about not exposing the roots for a moment (fig. 31), has aloss 
of less than.1 per-cent. - If the-roots once dry the trees will die,and > 
it takes but a short exposure to dry the roots. The holes should be 
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Fic. 31.—A load of trees and tree boxes. The roots are packed in wet moss and a tree is not taken 
from the wagon until the planter and two shovelers are at the hole where it is to be planted. 


prepared well in advance of planting, so that no time will be lost 
when conditions are right for putting the trees in the ground. 

In regions 1, 10, 11, 12, and 13 (fig. 17) the best time for planting 
deciduous street trees is the month or six weeks just preceding 
freezing weather in the fall. The other desirable time for planting 
is as soon after freezing weather is over in the spring as the ground 
is dry enough for the mechanical operations. This should be as early 
as possible, as the more opportunity there is for root growth before 
. warm weather forces the top into growth, the better the results are 
likely to be. In regions 6, 8, and 9, where the ground freezes to a 
considerable depth, spring planting is to be preferred to fall planting 
unless it is possible to drench the soil thoroughly for a considerable 
distance around the trees at planting time and after that to mulch 
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the soil thoroughly and also to protect the top from the effect of 
drying winter winds. Where mice abound they may be harbored in 
the mulch and may girdle the tree. This may be prevented by a 
collar of wire netting about the base of the trunk or by banking the 
earth about it. The death of trees at the time of transplanting is 
due to the drying out of either roots or tops before opportunity is 
given them to become reestablished in their new locations. This 
drying may be due to improper exposure at the time of digging or 
before packing (fig. 30), poor packing, prolonged delay in delivery, 
improper handling between unpacking and planting, or the existence 
of conditions conducive to excessive drying out of the plant after 
setting. ~ 
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Fic. 32.—A city nursery. 


The atmosphere is continually claiming a tribute of moisture from 
all living plants, whether the plant is in leaf and growing or is dor- 
mant. Growing plants, and dormant plants under normal conditions, 
are able to replace this moisture by absorption through the roots. In 
climates where newly planted trees may obtain sufficient soil water 
to replace these losses by drying, fall planting is best. Where the 
plants are unable to get sufficient winter moisture, planting would 
better be done only in the spring.. Where the soil freezes to a depth 
greater than that to which the plant roots extend, the supply of water 
is cut off from the roots and the tree will be killed by drying out 
through evaporation from the top. Where winter winds are very 
drying and the soil moisture is limited, evaporation from the top is 
likely to be in excess of that supplied by the roots and the tree is 
killed in the same way. 
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In regions normally adapted to fall planting, newly set trees may 
be killed by a dry autumn followed by a dry winter with high winds 
or by a cold winter with so little snow that the ground freezes below 


Fic. 33.—Setting a tree: A, Measuring from the curb to get the tree in line; B, filling the hole; C,placing 
the box; D, fastening the box. 


the roots. On the other hand, trees may often be successfully planted 
in the fall where such practice is not usually successful by thoroughly 
mulching the soil if freezing is the sole cause of the difficulty, or by 
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drenching the soil thoroughly and then mulching well if lack of 
‘moisture and high winds are the causes of the trouble. Protection 
from the wind by wrapping the trunk and large limbs with burlap or 
some other protecting material is also desirable. 

After a liberal opening has been made in the specially prepared soil 
the tree should be brought, preferably from the city’s own nursery 
(fig. 32), but if such a nursery has not been provided, then from 
among the newly received trees that have been “heeled in,” as already 
described. 

If the tree has been well handled and the roots carefully protected 
it is ready for setting. It is desirable to immerse the roots in a thin » 
mixture of clay and water just before putting it in the hole if there is 
suspicion that the roots have been exposed. This can be done before 
leaving the nursery or ‘“‘heeling-in” ground, but the roots must be 
properly protected. Any mutilated ends of roots should be removed, 
the top should be severely pruned, as described later, and the tree 
should be placed in the hole in line with the other trees (fig. 33, A) 
and at such a height that after the filling is completed it will be about 
an inch deeper in the ground than it was before transplanting. The 
roots should be spread out in as near their original position as prac- 
ticable, and soil should be carefully worked in about them with the 
fingers, so that each rootlet may come in contact with soil and not 
be crowded against other rootlets. When all the roots have been 
placed and covered the soil should be thoroughly trampled or tamped 
to bring the roots into as close contact as possible with it. Then 
more soil should be put. in and the ground again tamped. Of course, 
in order to get satisfactory results the soil used for planting must not 
be too wetortoodry. If the soil is in such astate as to hold together 
in soggy masses and not spring apart again when squeezed in the 
hand, it is too wet for planting. If the soil is too dry, it will not stay 
in contact with the roots during the planting operations. A soil 
that is too dry may be well watered a day or two in advance of the 
planting, or if excessive dryness does not make it difficult to handle, 
the tree may be planted and then be thoroughly watered. After the 
watering 3 or 4 inches of loose soil should be spread over the wet 
ground in order to prevent undue evaporation. It should not be 
trampled or pounded in any way after the water is applied. If trees 
planted in moist retentive soils are watered after planting they should 
be provided with a mulch of similar earth. East of the Missouri 
River trees planted in soil that is in good condition usually do not 
need watering at the time of planting. 

Trees planted from pots, cans, or boxes should have the ball of 
earth taken from the receptacle handled with care, so as not to 
break it further than to loosen some of the roots on the outside of 
the ball; then the soil should be as carefully placed about this ball 
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and the loosened roots as about the roots of trees without balls.: 


Trees planted with balls need no root pruning and little top pruning. 
PRUNING. 


At planting time the trees should be so pruned as to remove from 
one-half to three-fourths of the leaf buds. The head should be 
formed in the nursery, so that at planting time the only problem is 
how to reduce the amount of prospective growth the first season 


P20367 HP P20368HP 
Fie. 34—A pin oak trimmed for planting. Fia. 35.—A sycamore trimmed for planting. Well 
Note the bad stubs (A, A) on the left-hand pruned, without bad stubs. 


side of the tree. 


without destroying the form of the head. Specific directions are 
difficult, because different species of trees are so different in their 
character of growth. A species that is naturally compact in growth 
(fig. 34) should be pruned by removing whole branches rather than 
by having the ends of branches removed. One that is open and 
spreading (fig. 35) will probably need the shortening of the longer 
limbs as well as the removal of interior branches. The first pruning 
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should be the removal of such branches as can be spared. If enough 
buds can not be removed in this way without leaving the head too 
open, then the shortening of the branches must follow. It is usually 
necessary to remove three-fourths of the limbs to accomplish this. 
An expert can do this pruning or most of it more easily before the 
tree is planted than afterwards. Some additional pruning may be 
necessary after the tree is set. 

In addition to the pruning of the top the roots may need some 
cutting. Any broken pieces or ends should be removed, making a 
clean cut with a sharp knife, as new rootlets put out more readily 
from a cleanly cut fresh surface than from ragged breaks. If the 
roots are very long, without branches or rootlets, it sometimes makes 
planting easier to cut off some of the ends. As roots are the braces 
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Fic. 36.—Types of tree guards. P20372HP 


by which a tree is supported in the ground, it is undesirable to 
reduce their length unless some positive good is to be gained by it. 

The best implement for cutting small limbs is a sharp knife, and 
for larger limbs a fine-toothed saw. Pruning shears are sometimes 
used, but they are likely to bruise the wood. If used at all, the 
blade should always be turned toward the tree so that the bruise 
made by the supporting bar will be on the portion cut off. Where 
branches are taken off, the cut should be close to the remaining 
limb, so that no suggestion of a stub will remain. (Figs. 34 and 35.) 
Where ends are cut from branches the cut should be just above a 
bud, and the remaining bud should point in the direction that it is 
desired the limb should grow. 


STAKES AND GUARDS. 


Under city conditions young trees need the support of a strong 
stake as well as protection for the trunk. Boys like to swing around 
small trees or see the tops fly up if bent to the ground. Men find 
them convenient hitching posts for their horses, and horses frequently 
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like the taste of the bark or tear it off for the sake of having some- | 
thing to do. 

Guards are of many forms (fig. 36), from stakes 24 inches square 
set 3 feet in the ground and extending 6 feet above, with heavy 
netting placed about the tree and stapled to the stake, to heavy 
wooden cribs of four stakes and intermediate slats and wrought- 
iron patterns of many forms. 

The trees should be firmly secured to the tops of the guards so 
that they will not swing against them in the wind and be rubbed. 
This is-best done by securing the tree in place in the guard by two 
loops of pieces of old garden hose, soft leather, or rope, in such a 
way as not to bind the tree too tightly while keeping it from swing- 
ing much or rubbing. The essentials are a firm support for the tree 
while young with reasonable protection of the trunk from careless 
depredations until the tree has reached a diameter of 6 inches or 
more. 

LATER CARE. 

If after planting, the season is dry and it becomes necessary to 
apply water, the ground should be soaked thoroughly, and as soon 
as it has dried sufficiently to work up loosely it should be hoed or 
raked to make a good earth mulch. A mulch of strawy manure or 


litter may be used in place of the earth mulch if desired. The — 


watering should not require repeating for a week or more. 

If the weather becomes warm soon after planting and the trees _ 
come into leaf, wither, and droop, further pruning may save them. 
The reason for the difficulty is probably that the growth of the top 
has been greater than the newly formed roots can support; therefore 
the additional pruning is likely to restore the balance between the 
top growth and root growth. At least three-fourths of the remain- 
ing young wood should be removed. This may leave the tree looking 
almost like a bean pole, but if it induces a vigorous root growth 
the top can easily be re-formed. 

Young trees should have an annual inspection, and all crossmg 
branches and any that are not well placed to form a good head 
should be removed. Attention should be given also to all forks, 
and where two branches start almost parallel to one another or at a 
small angle, making a fork lable to split apart as the tree grows, 
one branch should be removed. Where three branches start from 
almost the same point there is little likelihood of their splitting apart, 
but with only two growing at a less angle than 30° there is lable 
to be trouble in the case of most kinds of trees. On trees on which 
few but long shoots form, it may be well to remove the ends of such 
shoots. As a rule, it is undesirable to use for street planting trees 
with this kind of growth. Young trees should be trained into a 
desirable shape by the use of a pruning knife each year, so that a 
saw will not be necessary later. Some trees have a tendency to 
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form too dense a head. The interior branches of these should be 
removed and the head made as open as possible while the work can 
be done with a knife. No attempt should be made to alter the 
natural form of a tree but only to insure its best development. <A 
skillfully pruned young tree will show no evidences of the pruning 
after three or four years. 


CARE OF MATURE TREES. 
PRUNING. 


It is very little trouble to train a tree into a good shape by using 
the pruning knife while the limbs are small, but it is usually difficult 
to re-form a tree after it has grown to maturity. One who under- 
stands tree growth, however, can often reshape the top of a neglected 
tree to advantage, though many who make a business of tree trim- 
ming know so little about it that they do more harm than good. 
More mature trees have been hurt by severe pruning than have been 
helped. Of course, dead or dying wood should be removed when- 
ever it is found, no matter what the age of the tree. This should 
be done by cutting off the limb back to the nearest healthy crotch. 
A limb should not be cut off square across (fig. 21) unless the tree 
is apparently in a dying condition and the whole top is treated thus 
in an attempt to save its life. In such a case, a second pruning 
should follow within two years, at which time the stubs left at the 
first trimming should be cut off in a proper manner near the newly 
started limbs. Healthy silver maples and willows are frequently 
cut in this way, but the maples in particular would better be cut down 
at once than to subject the public to the dangers of the insidious 
decay that almost always follows such an operation on these trees 
and completes their destruction promptly. 

Trees that have been neglected a long time frequently have inter- 
fering or crossing branches, or are too low headed or too densely 
headed for the place where they are growing. Defects of this kind 
may be at least partially remedied. The removal of limbs by cutting 
them off at a crotch in such a manner that the wound is parallel with 
the remaining branch (fig. 37) inflicts the least possible damage. 
Such a wound in a healthy tree will soon heal over if the cut is made 
through the slight collar or ring that is nearly always present at the 
base of a branch. The closer this cut can be made to the trunk 
the better the appearance when the cut is healed. The closer the 
cut the larger the wound, but the difference is unimportant if the 
wood is well protected until it is healed. These operations are 
entirely different in purpose and result from the ‘‘heading in”’ or 
‘“heading back’’ so often practiced under the guise of tree pruning, 
either from a false notion of forming a top or for the passage of wires. 

Changing the form of a tree by pruning should not be attempted. 
Hach species has its own form or forms, and no attempt should be 
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made to change or distort a tree from its normal habit of growth. 
Successful pruning will accentuate rather than disguise a tree’s 
characteristics. 

All cuts should be made so that no stubs or protuberances are left 
to prevent quick healing. Small wounds need no after treatment if © 
the cut is well made. Large wounds should have the wood of. the 
center of the cut well protected to prevent decay until the new growth 
has had an opportunity to heal over the cut. An application made to 

the center of the cut 
to preserve the wood 
should not be per-. 
mitted to come near 
the cambium layer 
or inner bark, espe- 
cially of soft-wooded 
trees like the tulip 
and magnolia, as the 
oil or other sub- 
stances contained in 
the paint, tar, or 
other covering may 
spread to the cam- 
bium layer and kill 
it. Itis well not to 
make any applica- 
tion within half an 
inch of the outside 
of the wound unless 
the coating has been 
thoroughly tested. 


P20371HP 
Fig. 37.—Part of a tree trunk showing proper and improper methods Dead wood should 


of removing old limbs. Although healing has started on the stub : 
(at the right) it is likely to proceed very slowly. The nearer the be entirely removed, 
cut is to the tree the larger the wound but the less conspicuous the the cut being made 


stub will be when healed. through goo d_ live 
tissue. Removing such wood frequently exposes decayed cavities, 
usually from bad stubs or injuries which have started decay that has 
followed back to the main limbs or the trunk. The treatment of 
such cavities is the province of tree surgery and is discussed in 
another publication." 

One source of trouble with a large tree that has developed with 
two trunks or branches instead of three or more is the liability of their 
splitting apart in the crotch. This is especially characteristic of the 
elm. Careful attention to the early pruning of trees may eliminate 


1 Collins, J. F. Practical tree surgery. In U.S. Dept. Agr. Yearbook, 1913, pp. 163-190, pl. 16-22. 
Published as Yearbook Separate 622, obtainable from the Superintendent of Documents for 10centsin coin. 
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this defect, but when it exists in mature trees it is frequently advisable 
to connect the branches by a strong chain (fig. 18) in order to prevent 
the limbs from being torn apart. 


FEEDING. 


It is difficult to do anything to stimulate the growth of street 
trees after they are once started, because usually the only uncovered 
area over the roots is the small opening immediately about the tree; 
hence, the importance of supplying the best of soil well enriched at 
the time of planting. Sometimes a stimulation is desirable, which 
can be accomplished by dissolving one-half to 1 pound of nitrate of 
soda in 50 gallons of water and applying from 1 to 25 gallons of the 
liquid, depending on the size of the tree. Unless the soil is damp at 
the time of application water will be needed immediately afterward. 
This material should be applied only when the tree is in full leaf and 
growing. If applied when the tree is dormant it is likely to be 
leached from the soil before it is absorbed. If applied late in the 
season, that is, within three months of freezing weather, it would 
likely stimulate a late growth that would be liable to be killed the 
following winter and might make the whole tree more susceptible 
to injury from cold. 

Water is one of the great needs of city trees, as the ground surface 
is often almost completely roofed over with water-tight coverings. 
Itis usually a help for the pavement washings to drain into the parking 
space where the tree is planted. Ifacurb is placed about the parking 
space, frequent, regular watering is necessary where the ground is 
thoroughly covered with water-tight pavements. 

Where growing under suburban conditions, that is, with streets 
partially pervious to water, liberal parking spaces, and adjoining 
lawns, street trees will respond to all extra care given the near-by 
open spaces, whether parkings, lawns, or gardens. If these are well 
cared for the trees should have ample sustenance from them without 
any direct applications. 

In order to prevent the soil about a tree from being packed too 
hard by trampling it is frequently desirable on business streets to 
cover the soil about it with an iron grating. 


SPRAYING. 


Street trees, like all other forms of vegetation, are subject to attacks 
of insects and diseases. Because of the unfavorable conditions under 
which they grow, spraying for biting and sucking insects and suitable 
treatment for borers or other burrowing insects require especially 
careful attention. 

In addition to a number of troubles common to street trees in gen- 
eral, each species is liable to troubles of its own; hence, the need of 
competent supervision by a trained man with an efficient outfit 
rather than leaving the work to individual initiative. 
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Because of the height which many street trees attain a powerful 
outfit is required to spray them properly. One capable of maintain- 
ing a pressure of 200 pounds per square inch is desirable. The type 
of spray required for tall trees is different from that used on fruit 
trees and other low plants. For low trees the ideal spray is a mist 
within a few feet of the nozzle, application being accomplished by 
having the nozzles near the foliage to be treated. For tall trees it is 
desirable that the liquid should leave the nozzle in a solid stream, 
which is broken into spray as it passes through the air. The material 
has to be projected with sufficient force to reach the highest trees 
before: being entirely converted into mist, as it is impracticable to 
extend the nozzles into the trees to reach the farthest portions, as is 
done with fruit and other low trees. The spray can not be applied 
as uniformly as a mist, but it is impracticable to climb into the 
tops of shade trees to cover every part with a cloudlike spray. On 
the other hand, the mist spray is better for small trees, as much 
injury may be done to low trees or to the lower branches of high trees 
by the force of the stream from high-pressure outfits. 

It is estimated that in practice up to 95 per cent of the attacking 
insects can be killed with insecticides carefully applied by the stream 
method under high pressure. 

In addition to the mechanical problem of satisfactorily covering 
high trees with insecticides or. fungicides there is the problem of 
selecting materials that will be effective against the insects and dis- 
eases and at the same time will not disfigure the paint or stone work 
of adjacent buildings with which the materials must inevitably 
come in contact in street-tree spraying. It frequently happens that 
the most effective remedies must be rejected because of the damage 
they would do to buildings and that less efficient materials must be 
used. 

Whitewashing the trunks of trees is a useless and unsightly prac- 
tice—useless, as it does not prevent the attacks of insects, and 
unsightly, because it makes the trunks of the trees obtrusive when 
they should be inconspicuous. 

Banding with cotton or proprietary preparations may occasionally 
be useful, but because such applications are so seldom helpful and 
because some of the preparations result in injury due to constriction 
of the trunks, it should not be resorted to except upon special 
recommendation of an entomologist familiar with the existing 
conditions. 

Details as to enemies to be expected, methods of treatment, and 
materials to be used may be found in other publications + or may be 
obtained by correspondence with the nearest State agricultural experi- 
ment station or with the United States Department of Agriculture. 


1 See list on following pages. 
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HISTORICAL SUMMARY. 


The results of experiments by Lutz (1888), Epstein (1892), and 
other investigators, together with various considerations of general 
and special nature, have led to the acceptance of the belief to the 
extent that it has been taken as an established fact that Ascaris Twm- 
bricoides and Ascaris suum, parasites of man and the pig, respec- 
tively, have a direct life history and require no intermediate hosts in 
their cycle of development. Recent work by Stewart (1916-1918), 
however, has shown that the life history of Ascaris is not so simple 
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important discovery that if a rat or a mouse is fed Ascaris eggs many 
of the larve which escape from the eggs in the intestine wander out of 
the alimentary tract, and, apparently aided by the circulation, reach 
the liver and later the lungs, meanwhile undergoing considerable 
growth and development. 

Many years ago Davaine (1863) observed newly hatched larvee 
in the feces of rats a few hours after feeding them Ascaris eggs, but 
Stewart was the first to discover that in these animals not all the 
young worms that hatched were promptly eliminated but that some 


penetrated the wall of the alimentary tract and reached other loca- - 


tions in the body, meanwhile increasing in size and undergoing cer- 
tain developmental changes. He determined further that the larvee 
in the lungs do not remain there, but migrate up the trachea and can 
be found in the mouth. On the basis of this fact Stewart (1916b) 
in one of his papers suggested that rats and mice that had become 
infected by swallowing the eggs of Ascaris might later transfer the 
parasites to human beings or pigs by contaminating food with 
saliva containing the young worms. Stewart, however, in continuing 
his investigations found that after the larve passed up the trachea 
they then passed down the esophagus, reached the intestine, and 
tended to accumulate in the cecum. Finally they passed out of the 
intestine in the feces without undergoing any material change in 
size or structure from that presented by the stage attained in the 
lungs. | , 

Certain experiments with pigs had failed to result in definite proof 
that these animals became infected with Ascaris through swallowing 
the eggs, and Stewart therefore offered the hypothesis that rats and 
mice act as intermediate hosts in the life cycle. According to this 
hypothesis Ascaris eggs contained in the feces of infested human 
beings or pigs after reaching the infective stage are swallowed by 
rats or mice. In these hosts the young worms hatching from the eggs 
migrate from the intestine to the lungs and back again to the intes- 
tine and reach a stage of development considerably in advance of 
that characterizing the embryo within the egg. They then pass out 
of the body of the rat or mouse in the feces. If food contaminated 
with the feces of infested rats or mice 1s eaten by human beings or 
pigs the worms thus reach their final host, in whose intestine they 
settle down and develop to maturity. The completion of the lfe 
cycle thus requires, according to Stewart’s explanation, an alternation 
between two hosts—the final host, man or pig, and the intermediate 
host, rat or mouse. 

Lane (1917) and Low (1918) have given a number of reasons for 
doubting the validity of Stewart’s explanation of the life cycle of 
Ascaris, and the present writers in a preliminary note (Ransom and 
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Foster, 1917) also indicated that the theory that rats and mice act 
as intermediate hosts is not tenable. In fact it has become quite evi- 
dent that human beings and pigs become infected with Ascaris as a 
result of swallowing the eggs, the behavior of the parasites in rats 
and mice being simply the expression of an abortive development in 
animals imperfectly adapted as hosts. Our investigations have 
shown that the parasites migrate through the lungs in the guinea 
pig, rabbit, sheep, goat, pig, and presumably man, as well as in the 
rat and mouse. Very definite evidence has been obtained showing 
that the animals in which the parasites reach maturity become in- 
fected by swallowing the eggs, that the larve after hatching migrate 
out of the intestine into the lungs and back to the intestine, under- 
-# going a development similar to that which occurs in rats, mice, and 
,other unsuitable hosts. Having returned to the intestine, following 
this migration, some of the young worms may be eliminated in the 
feces and perish, but others may establish themselves and complete 
their development to the adult stage. 

Stewart’s very striking discoveries therefore have not upset our 
former views of the life history of Ascaris so far as concerns the 
spread of the parasite from infested human beings and pigs to others, 
but they have added some highly important facts to our former im- 
perfect knowledge. Stewart, furthermore, has shown that the young’ 
worms not only migrate through the lungs, but in so doing may set 
up a serious pneumonia that in experimentally infected rats and 
mice is liable to be fatal. The present writers, in a preliminary 
note already referred to (Ransom and Foster, 1917), noted the occur- 
rence of pneumonia in the pig as well as in smaller animals as a 
result of the invasion of the lungs by Ascaris larve, and Stewart in 
some of his later papers (1917, 1918) also reported Ascaris pneu- 
monia in pigs. It is evident that Ascaris may likewise affect the 
lungs of human beings, and it is an interesting fact that Mosler 
(according to Leuckart, 1867) and Lutz (1888) in experiments in 
feeding Ascaris eggs to human subjects observed certain ling symp- 
toms undoubtedly to be attributed to Ascaris infection, though of 
course the significance of the symptoms was not appreciated at the 
time. It is not unlikely that many cases of lung disease of obscure 
nature may have as an etiological factor the invasion of the lungs 
by Ascaris larve. Lung affections in children espécially should be 
studied with reference to this possibility. In the case of pigs the 
frequent and serious condition commonly known as “ thumps” is un- 
doubtedly often the result of Ascaris infection. Stewart’s contribu- 
tions to our knowledge of the life history of Ascaris may accordingly 
prove the starting point from which an important advance can be 
made along the line of disease prevention. 
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PROBABLE IDENTITY OF ASCARIS LUMBRICOIDES AND ASCARIS 
SUUM. 


The common intestinal roundworm of man (Ascaris lumbricoides ) 
and the corresponding parasite of the pig (A. swwm Goeze or A. 
suilla Dujardin) are morphologically indistinguishable and prob- 
ably are specifically identical. Whether or not infection of man from 
worms harbored by the pig, and vice versa, commonly occurs is un- 
known and it has not yet been shown by experiment whether or not 
the offspring from worms harbored by one host can reach fertile 
maturity in the other. Although there is no good reason for con- — 
sidering the two forms to be distinct, in the present paper the pig 
Ascaris will be referred to as A. swum and the human Ascaris as 
A. lumbricoides, so that it may be clear in any given case whether * 
the parasite came from a pig or from a human host. 


EGG STAGE OF ASCARIS. 


INCUBATION. 


When deposited by the adult female in the intestine of the host 
animal the egg of Ascaris is in an early stage of segmentation. 
Segmentation progresses during the passage of the egg through the 
intestine. If the egg is not promptly eliminated in the feces of the 
host, however, segmentation does not continue and development of the 
embryo comes to a standstill. Martin (1913) found by experiments 
in vitro that at the body temperature of the host segmentation pro- 
gresses rapidly up to a certain limit, but development of the embryo 
is completed only at lower temperatures. Because of the inhibiting 
effect of the body temperature it-is necessary for the eggs to pass 
out of the intestine of the host before they can develop to the infec- 
tive stage. Outside the body the development of the eggs is chiefly 
influenced by three factors—temperature, moisture, and oxygen 
supply. At low temperatures development proceeds slowly and 
may stop entirely if the temperature is low enough, so that the time 
required for the embryo to develop to the final stage reached in the 
egg may vary from a few days to many months and possibly several 
years. 

Martin (1913) found the optimum temperature for the develop- 
ment of the eggs of Ascaris vitulorum (of the ox) and A. swwm to be 
about 33° C. We have noted that a considerable proportion of the 
egos of A. suwm kept at this temperature contain fully developed 
embryos at the end of 10 days, and practically all complete their de- 
velopment within a month. In the absence of moisture, development 
is inhibited and extreme dryness may ultimately destroy the vitality 
of the eggs. The moisture requirements, however, are slight. Ross 
(1916) found that eggs of A. lwmbricoides placed on glass slides and 
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left exposed to the sun in India for 6 weeks contained actively motile 
embryos at the end of that time. We have kept the eggs of Ascaris 
suum in an incubator at 37° C. until they became extremely dry, but 
there was no continuation of the development when the eggs were 
moistened and removed to a lower temperature. ‘Though dryness 
may be fatal to the eggs of Ascaris, it is certain that under most 
climatic conditions there is sufficient moisture in the environment 
(usually the soil) into which the eggs come after elimination from 
the host to enable development to proceed, at least intermittently, 
if not continuously. The inhibiting effect of the lack of moisture 
and the stimulating effect of its presence may be easily observed by 
placing newly deposited Ascaris eggs in water on a slide under a 
cover glass, noting the stage of development and then allowing the 
preparation to dry naturally. In a few days, if water is added to 
the preparation, little or no further development will be seen to 
have occurred, but if the slide is kept moist for a few days it will 
be found that development proceeds again. By moistening or drying 
development may be thus favored or hindered. 

As shown by Hallez (1885), oxygen is necessary to the development 
of Ascaris eggs. This is indicated by the fact that eggs in water 
covered by a film of oil fail to develop. We have observed that if 
the eggs are kept in stoppered bottles filled with water development 
is inhibited. According to Fauré-Fremiet (1912), the determining 
cause of segmentation is the oxidation of hydrocarbon reserves stored 
up in the egg, for which, of course, a supply of oxygen is necessary. 

Bacterial decomposition of the surrounding medium inhibits de- 
velopment and may be destructive to the vitality of Ascaris eggs. 


INCUBATING ASCARIS EGGS FOR EXPERIMENTAL USE. 


To secure the rapid development of a high percentage of Ascaris 
egos to the final stage for experimental purposes, various methods of 
incubation have been used by different investigators. Martin (1913) 
obtained the most satisfactory results by placing the eggs in a 2 
per thousand solution’ of hydrochloric acid and incubating at a 
temperature of 33° C. Hallez (1885) spread the eggs over the sur- 
face of earth in a flowerpot which was kept moist by standing in 
water. After trying various methods and media we have adopted 
the following: The adult worms after collection are sorted by sex 
and size and only the larger females are retained. These are slit 
lengthwise and pinned out in a tray of water. The uteri are dis- 
sected out and removed. .Twenty worms will furnish all the eggs 
that can be incubated in three petri dishes 13.5 centimeters in 
diameter. The uteri are snipped with scissors into as small pieces 
as possible and are then rubbed up with a small quantity of 2 per 
cent formalin in a glass mortar. This forces the eggs out of the 
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small sections of uterus and to some extent breaks up the clumps 
of eggs, so that they will spread evenly over the bottom of a petri 
dish. The material thus obtained is then poured into 3 petri dishes, 
enough 2 per cent formalin being added to fill the dishes with fluid 
to a depth not. exceeding one-fourth of an inch. These cultures 
are incubated at a temperature of 33° to 34° C. To secure proper 
aeration of the medium it is stirred with a glass rod every 2 or 3 
days. About one-third of the fertilized eggs will be found to con- 
tain motile, fully developed embryos in 10 days, and practically all 
will be fully developed by the end of a month. 

In using the entire uterus of the worm for preparing the culture 
many incompletely formed eggs are introduced. This may be 
avoided to some extent by using only the terminal portions of the 
uteri, and it is preferable to do so if for any reason it is desired to 
keep the number of incompletely formed eggs in the culture down 
toa minimum. To obtain eggs for the study of their development, 
Wharton (1915) kept the female worms in Kronecker’s solution 
(sodium chlorid 6 grams, caustic soda 0.06 gram, distilled water 
1,000 grams), in which the worms remain alive and active from 6 
to 12 days. The eggs deposited were collected each day from the 
bottom of the vessel in which the worms were kept. 


LONGEVITY OF’ ASCARIS EGGS. 


Ascaris eggs may remain alive for long periods. Davaine. (1863) 
kept the embryos in eggs of A. lwmbricoides alive for 5 years. Mor- 
ris (1911) noted that in human feces which had been kept 2 years in 
2 per cent formalin some of the eggs of A. /wmbricoides present con- 
tained actively motile embryos. Two months later there was an ap- 
parent increase in the number of eggs containing active embryos. 
Epstein (1892) produced experimental infections with eggs of A. 
lumbricoides that had been kept in a culture of feces for a year. We 
have kept Ascaris suum eggs alive for many months and there is no 
reason to suppose that the length of time the eggs of the pig Ascaris 
may retain their vitality is any less than in the case of the human 
Ascaris. Because of the great longevity of the eggs it is evident that 
soil exposed to continual pollution with feces of infested human be- 
ings or pigs may become in course of time very heavily laden with 
living Ascaris eggs. It is also evident that places not exposed to 
fresh contamination may nevertheless retain their infection for years. 


RESISTANCE OF ASCARIS EGGS TO CHEMICAL AGENTS. 


The shells of Ascaris eggs are very impermeable to as well as in- 
soluble in many chemical reagents. Formalin solutions make excel- 
lent media in which to incubate the eggs. A 10 per cent solution of 
potassium bichromate also makes a good culture medium. Many 


LIFE HISTORY OF ASCARIS LUMBRICOIDES. 7 


observations have been made as to the slight effect upon Ascaris eggs 
of various substances that are very destructive to protoplasm. For 
example, Galli-Valerio (1914) succeeded in developing the eggs to 
a stage containing vermiform embryos in solutions of sulphuric, hy- 
drochloric, nitric, and acetic acids 50 per cent or less in strength, in 
saturated solutions of copper sulphate, iron sulphate, and copper 
acetate, and in 50 per cent antiformin. In experiments with full- 
strength antiformin we have found that the shells of eggs contain- 
ing motile embryos are dissolved by this substance, but the thin mem- 
branous lining of the shell remains intact. Kept in antiformin within 
this membrane the embryo may still be active at the end of 5 days, 
but if the membrane is burst by applying pressure the embryo is in- 
stantly killed by the antiformin. 

We have kept Ascaris swwm eggs containing vermiform embryos 
alive for several hours in carbolic acid, and embryos were still active 
in eggs kept 5 weeks in crude petroleum and in petrolatum. In eggs 
kept 10 weeks in crude petroleum no living embryos were seen, and the 
shells of most of the eggs were collapsed, but in most of the eggs kept 
the same length of time in petrolatum the embryos were active and 
very few eggs with collapsed shells were observed. 

In view of the resistant nature and impermeability of the shell of 
the Ascaris egg it is evident that ordinary methods of disinfection 
by the application of chemical agents in more or less dilute solutions 
are of little or no use in preventing the spread of infection.. Accord- 
ing, however, to results obtained by Wigdor (1918) and unpublished 
results of experiments by Dr. Raffensperger and Miss Cram, phenol 
solutions are destructive to the eggs of Ascaris (or Towascaris in the 
case of Wigdor’s experiments), and it is possible that phenol disin- 
fectants may prove useful under some conditions in the control of 
Ascaris. 

AVENUE OF INFECTION WITH ASCARIS. 

Infection with Ascaris has been shown by repeated experiment to 
be the result of swallowing eggs containing fully developed embryos. 
The possibility of natural infection in other ways than by the swal- 
lowing of eggs, however, is not absolutely excluded. Martin (1913) 
injected eggs of Ascaris equorum containing active embryos beneath 
the skin of a guinea pig. When the animal was killed 41 days later 
many empty eggshells were found at the site of injection, showing 
that the eggs had hatched. The fate of the embryos was not deter- 
mined. Martin made similar experiments with the eggs of A. equo- 
rum and A. vitulorum on a dog, a rat, and guinea pigs, with similar 
results. We have repeated Martin’s experiments, using eggs of 
A. swum containing active embryos (Experiment No. 13). 

Our experiments show that if introduced beneath the skin Ascaris 
eggs will hatch and that within a few days the larve will appear in 
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the lungs, reaching the same stage of development as they would in 
a similar time if the eggs had been swallowed. 

Under natural conditions there appears to be little likelihood of 
infection through the skin. As noted elsewhere in this article, 
Ascaris eggs sometimes hatch outside the body, but it is not known 
whether the newly hatched larva can penetrate the uninjured skin. 
- The fact that the hatching of the eggs outside the body is a rela- 
tively rare occurrence indicates that infection through the skin, if 
it occurs at all, is likely to be very unusual. Possibly, however, eggs 
in contact with the skin on some parts of the body may hatch much 
more commonly than they do away from the body. Other possibili- 
ties can also be imagined, such as the introduction of the eggs into 
wounds and into the vagina. , 

Apart from the question of the possibility of infection through the 
skin, the hatching of Ascaris eggs when injected subcutaneously and 
the prompt migration of the larve to the lungs are of interest as 
demonstrating that the action of the digestive juices is unnecessary 
for the hatching of the eggs, and that the larve are probably aided 
by the circulation in their migration to the lungs. 


HATCHING OF ASCARIS EGGS. 


When Ascaris eggs containing fully developed embryos are swal- 
lowed they pass through the stomach unhatched; at least the great 
majority do. In view of the occasional hatching of Ascaris eggs out- 
side the body in various media it is evidently possible that hatching 
in the stomach may sometimes occur. In fact, Martin (1913) ob- 
served empty eggshells and free embryos in the stomach contents 
of a rat and a mouse fed Ascaris eggs experimentally. The egg- 
shells, however, were irregularly torn and all the embryos were 
dead. Martin believes that the apparently hatched eggs seen by 
him in the stomachs of experimental animals were eggs that had 
been crushed by the teeth of the animals in chewing the material 
with which the eggs were fed. In any event it appears quite cer- 
tain that hatching in the stomach is not a normal occurrence. 

Davaine (1863) fed a large number of eggs of A. lwmbricoides 
containing fully developed embryos to a rat which was killed 12 
hours later. In the small intestine he found unhatched eggs, eggs 
in the process of hatching, and free embryos. In another experiment 
a rat was fed large numbers of Ascaris eggs and numerous active 
embryos were afterwards observed in the feces as well as unhatched 
eggs, and eggs in the process of hatching. Davaine also placed 
Ascaris eggs in small glass tubes closed at the ends with gauze and 
fed them to a dog. These were recovered in the feces 2 days later. 
The eggs in early stages of segmentation were unchanged, free em- 
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bryes were found in the tubes, but eggs containing active embryos 
were no longer present. As Davaine in his experiments never found 
egos hatching in the stomach, and only in the intestine, he concluded 
that hatching does not occur until after the eggs have passed to the 
small intestine. It was also shown by Davaine that some of the 
newly hatched larve may pass out of the body in the feces, and he 
supposed that this regularly occurs if the animal that has ingested 
the eggs is one in which the parasites can not attain their complete 
development. 

By experiments in vitro Davaine (1858) found that the gastric 
juice of the rabbit and the dog will not digest the shell of the egg of 
Ascaris lumbricoides even when allowed to act 3 or 4 days. De Klug 
(1907) also observed that artificial gastric and tryptic digestion was 
without effect upon the shells of Ascaris eggs. Martin (1913) like- 
wise found that various natural and artificial digestive juices do not 
dissolve the shells of Ascaris eggs. 

From the experiments and observations of Davaine, Martin, and 
others it would appear that the hatching of the egg is the result of 
efforts on the part of the contained embryo. The shell is split and 
the embryo emerges through the opening, pressing apart the edges of 
the opening as it emerges. What factor or factors determine hatch- 
ing is uncertain. Davaine (1859, 1863) reached the conclusion that 
the gastric juice does not act on the shell of the Ascaris egg and ex- 
pressed the opinion that although the intestinal juices do not dissolve 
the shell they soften it so that the embryo, stimulated to great activity 
by the temperature of the body of the host, is able to break through it. 
Martin (1913) reaches the following conclusions: 

Hatching depends upon three factors: First, complete development of the em- 
bryo; second, a surrounding medium that is alkaline or neutral in reaction; and 
third, a temperature that is the same as the temperature of the host of the 
parasite. Digestive juices do not dissolve the eggshell. Hatching does not 
occur in the stomach, because of its acidity; it does occur in the intestine be- 
cause of its alkalinity. 

In support of his conclusions as to the factors that determine hatch- 
ing, Martin has recorded the results of a considerable number of ex- 
periments in vitro with various media. The writers, in experiments 
on the eggs of Ascaris swum in vitro, have been unable to cause hatch- 
ing with any regularity. We have observed that a few eggs will 
hatch in vitro in almost any medium, including acid as well as neutral 
and alkaline media, not only at the temperature of the body but at 
lower temperatures. The vast majority of the eggs, however, do not 
hatch, although the contained embryos may remain alive and active. 
Apparently, therefore, the factors that influence the hatching of 
Ascaris eggs are yet to be determined. 
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Although we are ignorant of the determining cause of hatching, 
nevertheless we can reach certain conclusions as to the place and 
manner in which hatching occurs, as follows: When Ascaris eggs 
containing fully developed embryos are swallowed they do not regu- 
larly hatch in the stomach, but pass to the small intestine, where they 
begin to hatch within a few hours after the eggs are swallowed. The 
eggshell is not dissolved by the digestive juices, the embryo being re- 
leased by a split in the shell through which it emerges by its own 
efforts. Ascaris eggs may hatch not only in animals in which the 
parasites can develop to maturity, but apparently in almost any mam- - 
mal that swallows the eggs, provided the embryos within the eggs 
have reached a stage in which they are ready to hatch. 


LARVAL STAGES OF ASCARIS. 


MIGRATIONS OF LARVA IN BODY OF THE HOST. : 


It has been stated that in artificially infected rats, mice, and other 
animals newly hatched Ascaris larve may be recovered in the feces 
within a few hours after the eggs have been swallowed. Stewart 
(1916-1918), however, discovered that not all the larve were thus 
eliminated, but that some migrated out of the alimentary tract into 
other parts of the body and soon appeared in the liver. Stewart 
(1916a) found larve in the liver of a mouse (in dilated blood capil- 
— laries) which died four days after being fed eggs of A. lumbricoides. 
In this animal the larve had also reached the lungs (in the air vesi- 
cles). He found larve of Ascaris marginata in the liver of mice 
within 24 hours after administration of the eggs, none having yet 
appeared in the lungs (Stewart, 1918a, p. 194). Our experiments 
show that the larve after leaving the lumen of the intestine soon 
appear in the liver, and may be found there before they are evident 
in the lungs. For example, a mouse killed 51 hours after feeding 
with Ascaris swum eggs showed numerous larve in the liver, but 
none could be found in the lungs or spleen. Frequently as late as 
five days after feeding Ascaris eggs to mice we found larve only in 
the liver, none having yet reached the lungs. In one instance, eight 
days after it had been fed Ascaris swum eggs, a mouse was killed and 
larvee were found only in the liver. 

The newly hatched larvee of Ascaris suwm measure about 0.2 
to 0.8 mm. in length. In the liver the larve may grow to a length 
of 0.86 mm. (mouse nine days after infection, lungs and various 
other organs also infested), reaching a stage of development similar 
to that of larve of corresponding size in the lungs. 

Ascaris larvee commonly disappear from or at least become scarce 
in the liver within from 4 to 10 days after infection, but we have 
found numerous larve in the liver of a mouse as late as 23 days after 
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feeding Ascaris suum eggs. Apparently they leave the liver more 
rapidly in the case of guinea pigs and rabbits than in the case of 
mice, though this may be only apparent. Given the same number of 
larvee in the small liver of a mouse and in the relatively large liver of 
a guinea pig or rabbit, the presence of larvee in the former case might 
be easily detected, and in the latter only with difficulty or not at all. 
We have actually never seen them in the liver of a guinea pig. Most 
of our guinea pigs, however, were killed or died later than 4 days 
after feeding. Rabbits that were killed or died 8, 10, 86, and 99 days 
after feeding Ascaris suwm eggs showed no larvee in the liver. Rab- 
bits killed 3 and 5 days after feeding showed numerous larve in the 
liver, 0.2 to 0.25 mm. long in the first case and 0.23 to 0.45 mm. long 
in the second. 

With reference to the path of migration from the intestine to the 
liver and thence to the lungs, it has been pointed out (Stewart, 1917a, 
p. 227) that there are two apparently possible ways in which the 
larves can get from the intestine to the liver and later to the lungs. 
Assuming that inasmuch asthe thickness of the newly hatched larva 
is three times the diameter of a red blood corpuscle of the mouse, it 
can not pass through the lumen of an ordinary capillary vessei. 
(1) The larva enters a mesenteric venule and is carried to the liver, 
where it is arrested at the entrance to the hepatic capillary plexus. 
Acute fatty degeneration of the liver tissue enables the larva to pene- 
trate along the capillaries between the degenerated columns of the 
liver cells to the hepatic venules. The larva then passes in the 
hepatic vein and vena cava to the heart, and by the pulmonary artery 
to the lung. There it is arrested by the pulmonary capillaries. Hem- 
orrhages of the arterioles result and the larva penetrates into the 
air vesicles. (2) The newly hatched larva travels up the bile duct 
and reaches the bile capillaries of the interlobular zone. Working 
its way through the degenerated liver tissue, it reaches a hepatic 
venule and continues its course as in the first case. 

Observations made by the writers are in harmony with the sugges- 
tion that migration from the intestine to the liver may be by way 
of the portal system, and from the heart to the lung by the pul- 
monary artery. Owing to the difficulty of avoiding possible con- 
tamination with larve from other locations than the vessels from 
which the blood was taken in our experiments (Nos. 11 and 12), the 
results of the experiments should not be accepted as in themselves 
- sufficient proof of the migration of the larvee in the path indicated. 
From general considerations, however, Stewart’s first suggestion 
seems more likely to be correct than the alternative suggestion. As 
noted elsewhere, it is quite probable that some larvee migrate along a 
route different from either of those suggested by Stewart. 
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Stewart (1916a) found larve in the lungs of a mouse within 4 
days after it had been fed Ascaris lum. eae eggs. We have found 
larve in the lungs of the rabbit and guinea pig as early as 3 days 
after feeding Ascaris suum eggs. In rats, mice, guinea pigs, and 
rabbits they may be found commonly in the lungs in large numbers 
from 4 to 6 days after infection. As they become numerous in the 
lungs they disappear from or become scarce in the liver. In size the 
larve observed by us in the lungs varied in length from 0.2 or 0.3 
mm. (that is, the same as the newly hatched larva), up to 1.8 mm. 
Larve of the latter length have been observed in the lungs of rabbits 
10 days after infection, and slightly smaller in the lungs of a mouse 
13 days after infection. There is considerable variation in the size 
of larve found in the lungs at the same time. For example, larvee — 
varying in length from 0.29 to 0.6 mm. were observed in the lungs of 
a mouse 7 days after infection; in another mouse from 0.6 to 1.12 
mm. 10 days after infection; in a guinea pig from 0.3 to 0.45 mm. 4 
days after infection; in another guinea pig 0.35 to 0.83 mm. 5 days 
after infection; in another guinea pig 0.63 to 0.93 mm. 6 days after 
infection; in a rabbit from 0.23 to 0.48 mm. 5 days after infection; 
and in another rabbit 0.9 to 1.8 mm. 10 days after infection. We 
have observed that living larve may still be found in the lungs of a 
mouse as late as 23 days after infection, and we have found dead 
larvee encapsulated in the lungs of a rabbit killed 86 days after infec-_ 
tion, and in the lungs of a L pig we have observed degenerated larvee 
65 cane after infection. 

The larve in the lungs (Stewart, 1916a) enter the air vesicles and 
wander into the trachea. He found them in the bronchi as early 
as the seventh day and in the trachea as early as the eighth day after 
infection. We have found a larva in the _trachea of a rabbit 3 
days, and in the trachea of a guinea pig 5 days, after infection. 
They are often numerous in the trachea 6 days after infection. The 
smallest observed in the trachea was 0.23 mm. long (rabbit, 3 days 
after infection). In a pig7 days after infection larvee were observed 
in the trachea, varying from 0.67 to 1.33 mm. 

From the trachea the larve enter the pharynx. We have recovered 
Jarve from the mouth of an experimentally infected animal. 

From the pharynx the larve pass down the esophagus. They have 
been observed in the esophagus as early as 6 days after infection 
(guinea pig, rabbit). The latest we have observed them in the 
esophagus has been 10 days after infection (rabbit). No doubt they 
may be found still later. In a pig, 9 days after infection, we have 
observed. larvee in the esophagus, and there were numerous larve 
in the esophagus of a kid that died 27 days after a first feeding and 
10 days after a second feeding with Ascaris suum eggs. In a mouse 
9 days after infection the larve in the esophagus varied from 0.9 
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to 1.45 mm. in length, and in a rabbit 8 days after infection from 0.99 
to 1.33 mm. in length. 

Migrating Ascaris larve pass from the esophagus through the 
stomach into the small intestine. We have observed them in the 
stomach of a guinea pig 7 days, and of rabbits 8 and 10 days, after 
feeding with A. swum eggs. Numerous larvie were present in the 
first and fourth stomachs of a kid that died 27 days after a first 
feeding and 10 days after a second feeding with Ascaris swum eggs. 
The shortest time after infection for the return of migrating Ascaris 
larve to the small intestine that we have observed has been 6 days. 
In a guinea pig a few larve were observed in the small intestine 6 
days after Ascaris swum eggs had been fed. In the rabbit they have 
been found in the small intestine as early as 8 days, and in the 
mouse as early as 9 days after infection. In a mouse fed Ascaris 
suum eggs 10 days before, larve were found in the small intestine 
measuring from 0.83 to 1 mm. in length. In mice the larve have 
been observed to persist in the small intestine as late as 23 days after 
infection. In rats, mice, guinea pigs, and rabbits the larve continue 
their migrations down the alimentary tract and pass into the large 
intestine. They can be found commonly without difficulty in the 
cecum during a certain period. We have seen them in this location 
im mice as early as 9 days and as late as 23 days after infection. 
Those seen on the ninth day measured 0.38 to 0.46 mm. in length; 
larvee measuring 0.75 to 1.45 mm. were present in the cecum of a 
mouse 10 days after infection. Stewart (1916c) found the larve 
in the large intestine of mice 9 to 12 days after they had been fed 
the eggs of Ascaris suum. He also found them in the feces of mice 
as early as 9 days and as late as 12 days after infection, and in the 
feces of a pig Stewart (1918b) found dead larve 11 days after 
infection. We have observed them in the feces of the mouse as late 
as 13 days after infection, their length ranging from 1.2 to 1.75 mm. 

Summarizing the observations that have been made on the migra- 
tions of Ascaris larve in rats, mice, guinea pigs, and rabbits, it may 
be stated that they can be found in the liver as early as 2 days after 
infection, in the lungs and trachea as early as 3 days after infection, 
in the esophagus and small intestine as early as 6 days after infec- 
tion, and in the large intestine and in the feces as early as 9 days 
after infection. They may still be present in the liver, lungs, and 
alimentary tract 23 days after infection, but, as first pointed out by 
Stewart, rats and mice usually become free from the parasites in a 
little more than 2 weeks after infection, and we have found the 
same to be true also of guinea pigs and rabbits. 

Ascaris infestation in rats, mice, guinea pigs, and rabbits accord- 
ingly persists only 2 or 3 weeks. After the first elimination of un- 
hatched eggs and newly hatched larve in the feces that takes place 
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during the first day or two after the eggs are swallowed, the larve 
that have migrated through the lungs begin to pass out of the body 
- in the feces about 9 days after infection and have usually all or prac- 
tically all been eliminated in less than 3 weeks after infection. Dur- 
ing their stay in the body they may increase in size from an origi- 
nal length of 0.2 to 0.3 mm. to a length of nearly 2.5 mm. (Stewart), 
most of them, however, reaching a length not exceeding 1.75 mm., and 
some being not more than 1 mm. long when eliminated in the feces. 

Stewart (1916a) remarked upon the occurrence of larve in the 
spleen. .We have occasionally observed larve in the spleen, 2 being 
present in the spleen of a mouse examined 23 days after infection, 8 
in the spleen of a mouse examined 19 days after infection, and 1 in 
the spleen of a mouse examined 9 days after infection—in this case 
measuring 0.36 mm. in length. As a rule, however, the spleens of our 
experimental animals, which were commonly but not- always ex- 
amined, showed no larve, so that this organ may be considered an 
unusual location. In one case a larva was found in the thyroid gland 
of a mouse 23 days after infection. In another mouse 13 days after 
infection larve were found under the peritoneum in various places 
in the abdominal cavity, including the Fallopian tubes. Probably the 
larvee occur rather infrequently in the spleen, thyroid, and under the 
peritoneum of the abdominal cavity, but in our examinations, except 
in the case of the spleen, we rarely looked for them in these places. 
The kidneys have been examined repeatedly, but no larve have been 
found in them. 

It has been suggested that the larve migrating from the intestine 
reach the liver by way of the portal vem, continue to the heart in the 
hepatic veins and vena cava, and from the heart to the lung in the 
pulmonary artery, and it is possible that most of the larve follow 
this course. Evidently, however, in view of their occurrence in the 
spleen, thyroid, etc., some of the larve at least may migrate along 
other paths. How they get to the spleen, thyroid, and under the 
peritoneal lining of the abdominal cavity has not been explained. 
The possibility is not excluded that in their migrations from the in- 
testine some of the newly hatched larve are carried in the lymphatics 
more or less directly to the heart and reach the lungs without passing 
through the liver. Perhaps some of these larve, together with others 
that pass very rapidly through the liver and are soon carried in the 
portal circulation to the heart and lungs before they have increased 
much in size, get into the pulmonary veins, notwithstanding the 
intervening capillaries, are returned to the heart, and are then dis- 
tributed to various parts of the body. 

Since the foregoing was written more than a year ago, two papers 
by Yoshida (1919) have come to hand. In the latter of these papers 
Yoshida gives the results of experiments from which he concludes 
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that the larve of Ascaris migrate actively through the tissues to the 
lungs after hatching in the intestine, and he considers that the pos- 
sible carriage of the larvee in the circulation, if it does occur at all, 
is of secondary importance. He would also explain the presence of 
larvee in the spleen, kidneys, and various other locations in which he 
has found them in addition to the lungs and liver, as resulting from 
an active penetration of the larve through the tissues unaided by the 
circulation. 
DEVELOPMENT IN THE INTESTINE. 


After reaching the small intestine following their migration 
through the lungs, Ascaris larvie,if ina suitable host, settle down and 
develop to maturity. It appears, however, that some of them may 
pass on out of the intestine and perish, just as they do in the case 
of rats, mice, guinea pigs, and rabbits. Stewart (1918b) noted dead 
Ascaris larvee in the feces of a pig 11 days after feeding the eggs. 
Accordingly, even though the host is one in which the parasites can 
reach maturity, not every larva that succeeds in completing the 
cycle through the lungs is able to establish itself in the intestine. 
This would seem to be the probable explanation of the fact that 
pigs fed the eggs of Ascaris swum experimentally and afterwards 
showing evidence of lung invasion by the larve, may, when killed 
after a lapse of time sufficient for the development of the parasites 
to maturity or to a stage approaching maturity in the intestine, be 
found to harbor only a few worms or none at all. Such failures 
have been noted by us. For example, a pig 27 days old was fed 
numerous eggs of Ascaris suum, October 4, 1917. Another lot of 
eges was fed to this pig November 10. On November 17, or 44 days 
after the first feeding and 7 days after the second, the pig was killed. 
The liver and lings showed numerous petechiz similar to those 
occurring in other experiment animals in association with the in- 
vasion of these organs by Ascaris larvee, but no larvee were seen in 
the preparations examined. In the small intestine there were 8 
immature Ascaris, 5 of which were measured and found to range 
from 60 to 88 mm. in length. Another pig, from the same 
litter, that was fed Ascaris suum eggs September 22, when 15 days 
old, died 7 days later and showed numerous larve in the lungs, 
trachea, and pharynx, those in the trachea ranging in length from 
0.67 to 1.33 mm. (Experiment No. 19). 

It is quite likely that the worms found in the intestine of the first 
pig came from the eggs fed 44 days before, but the result of the 
experiment by itself can not, of course, be considered conclusive 
proof that development of Ascaris in the intestines of pigs follows 
the ingestion of the eggs, nor that the larve which mature in the 
intestine first migrate to the lungs and back again before they settle 
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down in the intestines. Other possibilities are open. For example, 
if it is accepted that the larve migrate through the lungs of pigs as 
they do through the lungs of small experiment animals, which is 
shown to be the case by the result of the experiment with the second 
pig and other similar experiments, it is yet possible that the larve 
might be eliminated in the feces after migrating through the lungs, 
as in rats, mice, guinea pigs, and rabbits, and later be picked up 
again by the pigs and only then become established in the small 
intestine. Thus the mode of infection would be similar to that as- 


sumed in the theory of the rat and mouse as intermediate hosts, 


except that the pigs would act as their own intermediate hosts, be- 
coming finally infected by larvz that had once passed through their 
own bodies instead of through the bodies of rats or mice. 

In our experiments there were also possible sources of infection 
other than the eggs that were fed. There may have been stray rats 
or mice about, or their feces may have been present in the feed, and 
in view of the small number of worms found in the intestine of the 
pig in the experiment recorded above, it may be supposed that they 
could have come from such a source. Owing to the difficulty of con- 
trolling experiments on pigs we have not yet succeeded in obtaining 
sufficient evidence from experiments on pigs alone to demonstrate 
conclusively that infection results, from the ingestion of eggs and the 
subsequent migration of the larve through the lungs and back to the 
intestine, where they become established and develop to maturity. 
That such, however, is a fact we believe is proved by the following: 

The migration of the larve through the lungs occurs in animals of 
various species that ingest the eggs irrespective of whether such ani- 
mals are suitable hosts of the adult worms. This has been shown to 
be true of the rat, mouse, guinea pig, rabbit, goat, and pig. In man 


symptoms have been described by Mosler (in Leuckart, 1867). and 


Lutz (1888) that indicate the migration of Ascaris larve through the 
lungs. 

The Ascaris embryo prior to hatching from the egg is admirably 
fitted to withstand the hardships of existence outside the body of a 
host, and may remain alive for years, protected by the eggshell. The 
larva after reaching the stage in which it is eliminated from unsuit- 
able hosts, such as rats and mice, is poorly adapted to existence out- 
side the body of a host, is quickly killed by drying, and does not long 
survive even under favorable conditions. 

It has been shown by experiment that in lambs and kids the worms 
will develop to a stage approaching maturity in the intestine after 
infection brought about by the ingestion of the eggs of the pig 
Ascaris (Experiments Nos. 22 and 23). 

In the experiments on the lamb and the kid there can be no doubt 
that the partially developed worms found in the intestine came from 
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. the eggs that were fed to those animals. Obviously their infection 
could not reasonably be explained under the rat and mouse theory 
nor is it reasonable to suppose that they served as their own inter- 
mediate hosts and then swallowed their own feces containing larvee 
that had been eliminated after passing through the lungs and intes- 
tine. The latter possibility, difficult to exclude in the case of pigs, 
is not one demanding serious consideration in the present instances, 
especially in view of the fact that the lamb and the kid were suck- 
lings only a few days old when used in the experiments. Further- 
more, the facts that sheep and goats are very unusual hosts of Ascaris 
and that in these experiments the parasites were found to be present 
in considerable numbers, in the case of the kid in enormous numbers, 
are facts of such a nature that the only possible conclusion is that 
the animals became infected from the eggs fed to them and that the 
larve after migrating from the intestine to the lungs and back again 
into the intestine settled down in the intestine and continued their 
development toward maturity. It appears, therefore, justifiable to 
conclude, in the light of all the available evidence, that man and pig 
become infected with Ascaris as a result of swallowing the eggs of 
the parasite and not from swallowing larve that have already un- 
dergone partial development in rats or mice. 

It is evident with respect to Ascaris swum and probably also Ascaris 
lumbricoides, in view of the probable identity of the pig Ascaris and 
the human Ascaris, that these parasites show different degrees of 
adaptation to different host animals. In some animals (rat, mouse, 
guinea pig, rabbit) they are able to pass through a portion of their 
development and reach a stage in which they are ready to settle down 
in the small intestine, but are not able to develop further and are 
eliminated in the feces; in other animals (sheep, goat) they can de- 
velop to a stage approaching maturity, and finally, in their usual 
hosts (pig, man), they are able not only to pass through the earlier 
stages of development which may occur in imperfectly adapted hosts, 
but to continue their growth to fertile maturity. 

The growth of Ascaris larve after they have reached the intestine 
following their migration through the lungs appears to be rather 
slow. In experiments on human subjects Epstein (1892) found that 
Ascaris eggs appeared in the feces 86 days after feeding Ascaris — 
lumbricoides eggs. As the feces were also examined 12 days prior 
to the examination at which the eggs were first found, the worms 
in these cases, therefore, began producing eggs from 74 to 86 days 
after infection, so that at least about 24 months were required for the 
full development of the parasites after infection. In our experiment 
with the lamb the worms were still considerably short of their adult 
size 103 days after infection, but, no doubt, their growth had been re- 
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tarded by the fact that they were in an abnormal host. We have 
observed full-grown Ascaris in a pig 11 weeks old, so that it is evi- 
dent that the parasites may attain maturity in pigs within 24 months 
after infection. We may therefore conclude that Ascaris, both in 
human beings and in pigs, may reach maturity 
as early as 24 months after infection. 


DESCRIPTION OF LARVAL STAGES. 


The newly hatched larve vary somewhat in 
size, commonly between 0.2 and 0.3 mm. in length. 
ee ee The specimen figured (figure 2) measured 0.22 

Egg containing fully mm. in length, 0.018 mm. in maximum thickness, 

ae decneeee esophagus 0.09 mm. in length, distance of excre- 

tory pore from anterior end of body 0.05 mm., 
and distance of anus from the tip of the tail 0.04 mm. The diameter 
of the body is nearly uniform throughout, head rounded, tail conical. 
On the anterior aspect of the head is a small, rounded knob, the so- 
called “tooth” of the Ascaris larva.. This knob, according to Stiles 
(1891), is composed of three parts, corresponding to the lips of the 
adult Ascaris. In living specimens the outlines of the esophagus 
except posteriorly can not ordinarily be distinguished and the nerve 
ring is not.apparent. This portion of the body is very clear, and 
free from color or conspicuous granules. The intestinal cells contain 
numerous small, yellowish-brown granules. The genital 
primordium jis not evident in living specimens. 

Before hatching, the larva (figure 1) is inclosed in a 
close-fitting, delicate cuticular sheath (shown in figure 2). 
When the larve are artificially expelled from the eggs (by 
applying pressure) they retain the sheath or in some cases 
cast it off as they emerge from the eggshell. At the anterior 
end the sheath is supplied with a crown of 
minute papille, apparently 6 in number. 
Under normal conditions it may be presumed 
that the larva undergoes its first molt at the 
time of hatching or shortly afterwards, fol- 
lowing which at least another molt appar- me wy 
ently occurs before the larva reaches the stage Cree cee 
at which it migrates from the lungs to the ; 

: ; Fic. 2—Ascaris suum. 
intestine. Newly hatched larya in- 

The larve in the lungs reach a length of Masui Pee EA A 
5 to 10 times that of the newly hatched larve. 
The specimen shown (figure 3) is from the lungs of a rabbit 10 days 
after infection. It measures in length 1.43 mm., in maximum thick- 
ness 0.065 mm., length of esophagus 0.23 mm., distance of nerve ring 
from anterior end of body 0.11 mm., distance of excretory pore from 
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anterior end of body 0.12 mm., distance of anus from tip of tail 
0.08 mm., and distance of genital primordium from tip of tail 0.48 


mm. The 
body is of 
nearly 
uniform 
diameter 


through - 


out, attenuated slightly from the base of the esophagus 
forward, and gradually from the beginning of the 
posterior third of the body backward, diminishing to 
about half its maximum diameter in the anal region; 
tail conical. Along each lateral line is 2 well-marked 
membrane (shown in cross section in figure 6). The 
mouth is small, pharynx very short, the esophagus 
beginning almost immediately back of the mouth; lips 
not conspicuous, the knoblike process on the anterior 


aspect of the head characterizing 
the*newly hatched larva being no 
longer present. Just in front of 
the bulbous posterior end of the 
esophagus, sometimes on _ the 
right side, sometimes on the left 
side, is the large nucleus of a 
cervical gland. The genital pri- 
mordium is small, not more than 
0.015 mm. in diameter, oval in 
shape, consisting of a very few 
cells, situated on the ventral side 
of the intestine some distance 
posterior of the middle of the 
body. 

In the living worm the eso- 
phageal region is clear and trans- 
parent, the intestinal region yel- 
lowish-brown through the pres- 
ence of numerous granules of 
this color in the intestinal cells 


(figure 4). 


Fic. 3.—Ascaris suum. Larva from lung of 
rabbit 10 days after infection. Slightly 
flattened by pressure of cover glass. 
Magnified 150 times. 


RELATION OF HOST TO SIZE OF DEVELOPING LARVZ. 


Parasites that are able to live in more than one species of host 
animal frequently exhibit differences of size in different species of 
animals. A good example is the gapeworm (Syngamus trachealis), 


onal 
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with which young chickens can readily be infected by feeding the 
eggs of gapeworms taken from turkeys. In turkeys full-grown 
gapeworms commonly reach a length of 25 to 40 mm., but in chickens 
infected with material from turkeys the ego-producing adult rarely 
exceeds 15 to 20 mm. in length. 


Fig. 4.—Ascaris suum. Larva in liver of mouse 10 days after infection. Photomicrograph 
of living specimen. Magnified. — 


In the case of migrating Ascaris larve differences of size are no- 
ticeable in different species of host animals, if a comparison is made 
of larve taken from different animals at corresponding times fol- 
lowing infection. The following table has been compiled from the 
results of experiments on mice, guinea pigs, and rabbits: 
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Size of Ascaris larve in different host animals. 


In mice. In guinea pigs. In rabbits. 
Age.| Location. Length. | Age. Location. Length, || Age. Location. Length. 
| 
t SPI > a eel | 
Days. Mm. Days. Mm, Days. | Mm. 
tye | LG ON aces. 0. 28-0. 34 4 | Tunes sear 0.31-0. 45 8 | Liver oe 222.5% | .0.19-0. 24 
6 | Lungs........ -34- .4 laws Gheonaaaac .35- . 83 Fal eeec QOsts eat ~23- .45 
ie ieee Onsen aees -29- .6 5 |) Pharynx.--..- 5 — .98 5 |: Lungs. 2. 30-2 -23— .48 
Date ae Govens.~5- - 56— . 86 6 | Lungs.......-- -35— . 69 || (Jel Pee O@ie2 sai 3 33- .73 
9 ee intes- 38- .46 OH Perils OMereasie -538- .9 || 8.) DPracheas4#-2.¢ 75 
ine. | 
*10 | Lungs......-- 6 -1.12 6; |e edoseae wee .63- . 83 § | Esophagus....| . 99-1.33 
10 ane 1 intes- - 83-1 6 | Trachea... ---- -71-1.13 8 | Stomach...... -6 
ine. | 
10 | Large intes- - 75-1. 45 6:|| Bharynxs-2-~- -9 | 10.) Tuness. wena. -9 -1.8 
tine. } Gileeene doi ssa .8 -1. 02 10 | Stomach...... 1.5 -1.75 
| Me la IT Gaeta reer - 65 


Although there is considerable variation in the size of larve taken 
from the same species of animal, from the same organ, the same 
number of days after infection, it is evident that there is a general 
increase in size with the lapse of time and with the progress of the 
larve through the liver, lungs, trachea, and into the alimentary 
tract; and furthermore, although differences in size between the 
larvee from mice and guinea pigs, respectively, are not conspicuous, 
there appears to be-a tendency for the larve to grow to a larger 
size in a corresponding time in rabbits than in either mice or guinea 
pigs. They seem to grow still larger in pigs in the same length 
of time. Measurements were made of 13 larve from the trachea 
of a pig that died 7 days after infection. This varied from 0.67 
to 1.33 mm. in length, 8 of them being more than 1 mm. and the 
average close to 1.1mm. These sizes correspond very well to those 
of larve taken from the esophagus of a rabbit 8 days after infec- 
tion. The data that have been obtained as to the sizes reached by 
Ascaris larve in different species of host animals in a given period 
of time after infection are not sufficient to allow definite conclusions 
to be drawn, but the larve seem to grow more rapidly and to a 
larger size during their migrations in large animals than in small 


ones. 
LESIONS ASSOCIATED WITH MIGRATING LARV2. 


The principal organs that show pathological changes as a result 
of the invasion of Ascaris larve are the liver and lungs. 

In the liver there is at first a capillary congestion, and hemor- 
rhage by diapedesis; sometimes petechial or ecchymotic areas of 
inflammation are evident on the surface of the liver which later may 
become focal areas of necrosis. Commonly, however, as the larve 
leave the liver the congestion subsides. In our most severe cases, 
such as in the experiment (No. 23) on the kid, the inflammation 
was very extensive, the liver engorged with blood, bleeding freely 
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when cut but cutting with difficulty, indicating a beginning indura- 
tion. 

The lesions in the lungs are more striking macroscopically than 
those in the liver. In our mildest cases there were small bright-red 
hemorrhagic spots, in which the larve usually could be discovered 
without difficulty. As a rule the lungs were more or less edematous. 
The small bright-red petechial hemorrhages and edema are very 
characteristic of Ascaris invasion and differentiate it from other 
conditions that are likely to be seen in the lungs of pigs. In more 


Fic. 5.—Ascaris suum. lULarva in section of lung of mouse ft week after infection. 
Photomicrograph. Highly magnified. 


severe cases there were ecchymotic patches of considerable size, giv- 


ing the lung a spotted appearance. In still more severe cases an 
entire lobe of the lung was involved, and in the worst cases both 
lungs were greatly swollen, edematous, intensely hemorrhagic, the 
color of liver, and extensively hepatized. Microscopically the path- 
ological picture varied from that of an acute lobular pneumonia in 
which the areas of inflammation centered around the bronchioles to 
lobar pneumonia in the stage of red hepatization. The accompany- 
ing photomicrograph (figure 5) shows a section of the lung of a 
mouse with a larva in situ 7 days after ingestion of Ascaris suwm 
eggs. In portions of the section will be noted areas of consolidation, 
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the air sacs being almost entirely filled in with the serosanguineous 
exudate. Extensive immigration of leucocytes and round-cell in- 
filtration characteristic of acute inflammation are well marked. In 
other portions of the section the alveoli are enlarged, indicating a 
compensatory emphysema. Similar appearances are shown in figure 
6, a photomicrograph of a portion of the lung of a pig one week after 
the ingestion of Ascaris suum eggs. 


Fic. 6.—Ascaris suum. lLarve in cross section in portion of lung of pig 1 week aftez 
infection. Photomicrograph. Highly magnified. 


DEATH OF MIGRATING LARV2. 


It is a general rule among animals that in species in which large 
numbers of young are produced the chances are slight that any 
given individual will reach maturity. In the case of Ascaris, which 
produces eggs in enormous numbers, there is a great loss of life 
among the parasites not only in the death of the eggs that do not 
reach a suitable host, but also in the failure of some eggs to hatch 
after they are swallowed, in the prompt elimination of such eggs 
and many newly hatched larve in the feces, and in the death of 
some of the larve in the course of their migrations through the body. 
Finally a further loss occurs in the elimination of larve in the feces 
after they have returned to the intestine following their migrations 
through the lungs. There is thus a great waste of life all along the 
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line in the dev elopment of ‘Ascaris that is offset only by the-abundant 


fertility of the parasite. 

‘We have repeatedly made observations showing that Astants 
larve may die in the course of their migrations through the body. 
That larve die in the liver is evident from the finding of dead and 
degenerated larve in the liver of a mouse which was killed 296 
days after it had been fed Ascaris swum eggs. There was a small 
encapsulated tumor near the margin of the liver, containing a caseous 
material and several dead and degenerated Ascaris larve. On sev- 
eral occasions dead and more or less degenerated larvee have been 
found in the lungs, for example in a rabbit 86 days after infection 
and in a pig 65 days after infection. It is quite probable that the 
larve, that migrate to the spleen, thyroid, and other organs outside 
the usual path of migration ultimately die and become encysted and 
absorbed or perhaps in some cases stimulate the surrounding tissues 
to other reactions. In this connection the observations made by Gay- 
lord and Marsh (1914) are of interest. It was observed that dogs 
fed on sediment from fishponds developed a thyroid hyperplasia 
and that in the thyroids of such animals there were sometimes found 


larval nematodes (Agamonematodum gaylordi Ransom). It ap- 


pears quite possible that these larvee were the young of some nematode 
occurring in the fish, and that ingested by the dogs they underwent 
migrations somewhat similar to those of Ascaris larve, some of them 
finally coming to rest in the thyroid. The etiological relation of 
these nematodes to the hyperplastic growths of the thyroid observed 
by Gaylord and Marsh is problematic. A somewhat similar associa- 
tion of dead nematode larve and other parasites with various sorts 
of neoplasms has been noted by different observers. No evidence has 
yet been obtained that the death of migrating Ascaris larve in the 
tissues of the host is followed by any serious consequences. 


RELATION OF AGE TO ASCARIS INFESTATION. 


_It is a well-known fact that among human beings children are : 


more commonly infested with Ascaris than adults. This difference is 
perhaps most noticeable in localities where the parasite is compara- 
tively rare. In other places, where a large percentage of the popu- 
lation are carriers of Ascaris the fact that the parasite is of more 
frequent occurrence among children is less striking, but nevertheless 
unless practically the entire population harbor the parasites there is 
a more or less distinctly greater frequency in infestation among the 
younger individuals than among the older. . For example, in the 
Philippines, Garcia. (1917) from fecal examinations of 1,603 persons 
of various ages found the highest percentage of infestation among 
persons in the first decade of life, less among those in the second and 
third decades, and still less among those in the fourth to seventh 
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decades. The average percentage was 27.8 and the per cent by ages 
was as follows: 


Pereentage on ner sons infested with Ascaris a to age (decade of life). 


“ Persons | Persons 
Decade of life. examined. Infested. Decade of life. examined. | Infestec. 
| Number. Py cent. Nu miber, Por cent, 
Lp et 2 See ee ee 98 49 Oulu eae ears: Sat 241 26.8 
SUT lo sit Se Seer ne 355 sede a (le Ltr h ge = ea ee 164 25.6 
US| ae rte Bee eee 615 33.5 || Sixth and seventh.....-.... | 129 25.6 


The greater frequency of Ascaris among children might be ex- 
plained in two ways: First, their habits are such that they are more 
exposed to infection than older persons; second, children are more 
susceptible to infection than older persons. In the case of pigs there 
is no evident difference in the amount of exposure to infection be- 
tween young and old animals except that the older pigs during their 
lifetime have had greater opportunities of becoming infected than 
younger pigs because they have lived longer, so that if equally sus- 
ceptible at-all ages older pigs should be more commonly and more 
heavily infested than younger pigs. As a matter of fact, however, 
there is a greater frequency of infestation among young than among 
old pigs, and they harbor more parasites than the older animals, 
so that it appears that young animals are more susceptible than 
older ones. The following table is based upon a_ post-mortem 
examination of the intestines of 2,583 hogs of various ages slaugh- 
tered for market at Chicago abattoirs. The examinations were made 
and the ages of the animals estimated by Dr. H. B. Raffensperger. 
Dr. Raffensperger sorted the worms found into three groups ac- 
cording to size, small (up to 24 inches long), medium (slender worms 
between 24 and 5 inches long), and adult (plump worms 5 inches 
er more long). Great care was taken in examining the contents of 
the intestine to obtain every worm possible, but it is quite certain 
that some of the small worms were overlooked, so that the figures 
are less accurate for the small than for the medium and adult worms. 


Results of post-mortem examinations of hogs of various ages for the presence 
of Ascaris suum in the intestine. 


Age in months— 


Item, [6 All 
1 to 2} |24to5 | 5to7 |7tol12 |12to0o18|18to48|} ~ 

ages. 

Hogsiexanimed. 228: 2.225 75.-.% eer: 3 55 Bi a ee 626 256 2, 583 

2 Onn 15 99 238 91 1,109 
a \percent..| 34.5] 52.1] 43.6| 42.8|] 38 oi & |) Anca A 

Total worms found .........-.--..-- number..| 82 {1,936 684 1,489 1, 243 541 5,975 
Average worms per hog. ....--...------ dois: 1.6 3h3! 1.9 2:1 Pa 12.1 
Average worms per hog infested......-. doy 4.5 6.4 4.3 5 5.2 6 | 15.2 
UTAUINGOLINS 2-7 52 aes i oe cclee = = per cent. .|......-. 4.2 4.2 4.2 | 5.6 -8 13.1 
Medinnliworms 32.2 0) fo20 2220.2 et: do... 97.6 49.2 Bapy4 35.9 39.4 | 31.4 1 47.8 
JAC IST ENT ee ee ee do 2.4 46.5 62.7 GOR 54.9, 67.8 149.1 


1 Weighted average or per cent. 

2 Not more than 2 inches long. 

3 Slender worms intermediate in size between small and adult worms. 
4 Plump worms 5 inches or more long. 
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From the table it appears that the highest percentage of intes- 
tinal infestation with Ascaris is found in pigs between the ages of 
94 and 5 months, about half of which are infested. Beyond this age 
the percentage of infestation gradually decreases until among old 
hogs over 14 years of age only about one in three is infested. 

The figures relating to the numbers of worms of different sizes 
found are of interest with reference to the question of the age at 
which pigs are most susceptible to infection. We know that about 
24 months is required for Ascaris to reach maturity after the eggs 
have been ingested. We should therefore expect few if any adult 
worms among the pigs of the first age class (1 to 24 months), and 
this is the case, less than 3 per cent of the worms present in these 
young pigs being adult worms. In pigs 24 to 5 months old on the 
other hand nearly one-half of the worms are mature, in pigs of the 
next class (5 to 7 months) nearly two-thirds of the worms are ma- 
ture, then there is a slight decrease in the proportion of mature 
worms in the next two age groups, the proportion again increasing 
in pigs 14 to 4 years old in which over two-thirds of the worms are 
mature. 

It is not known how long an individual Ascaris may live, but in 
view of the rather large size of the worm and its slow growth to 
maturity it is probable that it is long-lived; quite likely it may live 
a year and perhaps much longer. Thus, infested pigs a year or more 
old may as a rule have acquired their worms while still very young, 
no additional infection having occurred after the first few months 
of life. The table, however, shows that pigs continue to be suscep- 
tible to infection as they grow older. In fact, the percentage of 
small worms among pigs 12 to 18 months old is higher than among 
the pigs of the younger groups and even among the oldest pigs (14 
to 4 years old) small worms were occasionally encountered, indicat- 
ing recent infection, a considerable number (nearly one-third) of the 
worms present being of medium size, indicating comparatively recent 
infection (probably within 24 months). The table nevertheless 
seems to show that pigs less than 5 months old are considerably more 
susceptible to infection than older pigs. 

Without attempting further analysis of the figures given in the 
table, we may conclude that among the pigs coming to the Chicago 
market slightly more than half of those less than 5 months old have 
been found to be infested with Ascaris, and that among older pigs 
the frequency of infestation progressively decreased with age until 
among pigs 14 years or more old only about one animal in three was 
infested. Further, the pigs less than 5 months old showed a greater 
average number of worms than older pigs, although as a natural 
result of the slow growth of the parasites they showed relatively 
fewer adult worms. Finally, it may be concluded that young pigs are 
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considerably more susceptible to infection than older pigs, but that 
this susceptibility, although diminishing, does not become lost with 
advancing age. 

Whether the lessened susceptibility of pigs to Ascaris infection as 
they become older is the result of immunity following previous in- 
fections or of increased resistance to infection which comes with ad- 
vancing age is perhaps not altogether certain, but it is likely that 
age is the determining factor rather than the establishing of an im- 
munity in consequence of an earlier infection. If an immunity is 
established as a result of infection it is not immediately established, 
inasmuch as an experiment on a kid (Experiment No. 23) has shown 
that two infections may occur with an interval of 17 days between. 
Furthermore, natural cases have been observed in which there were 
adults and smaller worms in the intestine and at the same time 
larval worms in large numbers in the lungs. That age is sometimes 
an important factor in the occurrence of parasitic infection is indi- | 
cated by experiments by the senior writer with gapeworms (Syn- 
gamus trachealis) which have shown that chickens become less sus- 
ceptible to infection as they grow older, adult chickens rarely har- 
boring the parasites. Various observers have noted in the case of 
other parasites that young animals are more susceptible to infection 
than older animals, and it is evident that age often has a great deal 
to do with susceptibility to invasions by parasites. On the other 
hand, in the case of some parasites and some species of host animals, 
no immunity develops with increasing age. For example, although 
there is a great reduction in the susceptibility of chickens to infec- 
tion with the gapeworm as they become older, there is no marked dif- 
ference in the susceptibility of turkeys of different ages to infection 
with the same parasite. — 

The question of the production of immunity to Ascav?s infection as 
the result of earlier infections requires further investigation. Our 
present knowledge, however, indicates that as pigs grow older they 
become less susceptible to Ascaris infection, not because they have 
been immunized by earlier infections, but because with advancing 
age they become more resistant to infection. 


ASCARIS PNEUMONIA. 


As first shown by Stewart (1916a), the invasion of the lungs by 
Ascaris larvee may cause a serious, sometimes fatal, pneumonia. Rats 
which had been fed Ascaris eggs became ill with a pneumonia four to 
six days afterwards and on post-mortem examination numerous 
Ascaris larvee were found in the lungs. In later papers Stewart also 
notes the occurrence of pneumonia in mice and pigs following the 
administration of Ascaris eggs. 
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The present writers have also observed the common occurrence of 


pneumonia in animals that have been fed with Ascaris eggs, reference’ 


to which has already been made in a former paper (Ransom and 
Foster, 1917). The symptoms of pneumonia appear within a few 
days, usually about a week, after the ingestion of the eggs, and the 


animal may die within a day or two after the first soos are. 


observed. 
Among pigs very young animals seem more lable to develop se- 


rious cases of Ascaris pneumonia than older animals. Our worst 


cases among pigs have been in sucklings. 

In view of the results of experiments on various animals (rat, 
mouse, guinea pig, rabbit, pig, goat), it seems quite probable that 
Ascaris Tani are capable of causing pneumonia in human beings, 
particularly in children. Evidence that they may cause lung trouble 
in human beings is found in the fact that Mosler (in Leuckart, 1867) 


observed the occurrence of dyspnea among children to whom he had _ 


given Ascaris eggs a few days before. As Stewart has very properly 
remarked, experiments in infecting children with Ascaris, such as 
those carried out by Mosler and by Epstein (1892), are highly repre- 
hensible. Even though Mosler and Epstein were unaware of the 
fact that Ascaris larvee may cause a dangerous and possibly fatal 
affection of the lungs, their use of children as experimental animals 

can not be justified. Lutz (1888) has recorded the occurrence of 
symptoms in a young man who volunteered as a subject for experi- 
ments with Ascaris that were in all probability related to the inva- 
sion of the lungs by the larvee, though the fact that the larve migrate 
through the lungs was, of course, not known to Lutz. 

Lung affections, including the condition commonly known as 
“thumps,” are of very common occurrence among young pigs, result- 
ing in numerous deaths. These are undoubtedly often caused by 
Ascaris infection, and, in fact, numerous natural cases corresponding 
exactly to. cases of experimental infection, have been observed by 
Dr. H. B. Raffensperger, of this bureau, in the course of investiga- 
tions carried out by him under direction of the Zoological Division 
in various localities in the field. Ascaris is a common parasite and 
the soil in places occupied by pigs is liable to be heavily laden with 
the eggs of the parasite. There is consequently plenty of oppor- 
tunity for newborn pigs to become infected. Dirt from the pigpen 


adheres to the skin of the sow, and the young pig in suckling swal- 


lows not only its mother’s milk but also Ascaris eggs from the dirty 
teats. In addition, many eggs are likely to be picked up by the 
young pig in rooting about in the soil of the pigpen. It would 
therefore seem that greater care of the:sow and the pigpen with 
reference to cleanliness, by reducing the chances of infection to which 
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young pigs are exposed, would go far toward reducing the losses from 
pheumonia. 


LONGEVITY OF LARVZ OUTSIDE THE HOST. 


Stewart (1916a) noted that the newly hatched larve eliminated 
in the feces of rats recently fed the eggs of Ascaris lumbricoides 
might survive for three days. He found, further, that larve that 
had passed through the lungs and reached the large intestine of 
mice if placed in tap water were alive and active at the end of two 
hours, but were dead at the end of 24 hours. Larve from the lungs 
of a rabbit that died 10 days after feeding with the eggs of Ascaris 
suwm have been kept alive in physiological salt solution by the 
writers for 13 days (Experiment No. 16). 

The survival of larve as long as 13 days after their removal from 
the host would seem to offer some support to Stewart’s rat and 
mouse theory, but the fact that they are so slightly resistant to un- 
favorable conditions, such as dryness, and as observed by ‘Stewart 
may not live as long as 24 hours in tap water, is evidence very much 
against Stewart’s suggestion as to the spread of Ascaris larve from 
rats and mice to human beings or pigs. It is known that adults re- 
moved from the intestine of their host can be kept alive for con- 
siderable periods of time. For example, Hall (1917) found that they 
_ may survive removal from their host as long as 26 days if kept in 
Kronecker’s solution. Many species of parasitic nematodes can 
thus be kept alive with careful handling after removal from their 
host. The survival of Ascaris larve for a time if kept in physiolog- 
ical salt solution after they have been removed from a host animal 
is therefore a phenomenon not unusual among parasitic nematodes, 
and can not be considered as indicating the probability, under natural 
conditions, of the passage of the larve from one host to another and 
the resultant infection of the latter. 


NATURAL OCCURRENCE OF ASCARIS IN SHEEP. 


Sheep are occasionally found to be infested with Ascaris. Ru- 
dolphi (1819, p. 49) mentions under the name of Ascaris ovis a 
specimen in the collections of the Vienna Museum. Diesing (1851) and 
von Drasche (1883) give descriptions of this specimen, and the latter 
also describes two badly preserved specimens of Ascaris found in 
a sheep by Koebel. Copeman (1842) found 25 ascarids in a lamb. 
Neumann (1884) found several specimens of Ascaris in sheep. In 
the collections of the Bureau of Animal Industry are specimens of 
Ascaris collected from sheep at Brookings, S. Dak., Blairsville, Pa., 
and Bethesda, Md. Apparently in no case has a fully developed 
female Ascaris containing well-formed eggs been found in sheep. 
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The worms have always been apparently underdeveloped, which has 
Jed some to hold the opinion that the sheep ascarids which resemble 
Ascaris lumbricoides are imperfectly grown worms of this species, 
or of Ascaris suum if the pig Ascaris is considered distinct from 
the human Ascaris. In view of the experience of the writers in 
artificially infecting a lamb by feeding the eggs of the pig Ascaris 
it would appear that the common opinion as to the identity of the 
sheep Ascaris is correct. As further evidence of the ability of species 
of Ascaris to undergo at least a partial development in the intes- 
tine of a strange host may be cited the results of our experiment in 
feeding Ascaris swum eggs to a young goat, and it may also be noted 
that Jammes and Martin (1906) record the development of Ascaris 
vitulorum in the human intestine to a length of 8mm. One of these 
writers swallowed A. vitulorum eggs and recovered the OT at 
in his feces 25 days later. 


LIFE HISTORY OF RELATED NEMATODES. 


The migration of the larve of intestinal parasites through the 
lungs of the host before they finally settle down in the intestine is 
not peculiar to Ascaris. It has been shown by Looss and others that 
the larve of hookworms and of, Strongyloides, after entering the 
host through the skin, migrate to the lungs through the heart by way 
of the lymphatics and blood vessels, and then pass up the trachea 
and down the esophagus, finally reaching the intestine. 

The senior writer has observed the larve of Zamonchus contortus 
(stomach worm of ruminants) in the lung of a guinea pig killed 48 
hours after it had been fed a culture of the larve, which indicates 
that they are able to migrate from the alimentary tract to the lungs 
and perhaps do so normally in their life cycle in their usual hosts, 
sheep, cattle, etc. 

In view of the fact that the larve of forms belonging to diverse 
genera, Ancylostoma, Strongyloides, Ascaris, and, perhaps, Hamon- 
chus, regularly migrate through the lungs before establishing them- 
selves in the intestine, it is quite likely that the phenomenon is one 
of common occurrence in the life cycle of parasitic nematodes. . It 
is to be expected, certainly, that forms closely related to Ascaris 
lumbricoides will act similarly with respect to the migration of the 
larvee through the lungs. Stewart (1918a, p. 194) found the larvee of 
Belascaris marginata in the liver of mice 1 to 3 days after they had 
been fed eggs of this parasite. The present writers have fed the eggs 
of Belascaris marginata to rats and 5 days later have found the larve 
in the lungs. The lungs showed petechial hemorrhages similar to 
those observed in the lungs of animals invaded by the larve of 
Ascaris lumbricoides or Ascaris suwm (Experiment No. 8). 
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A python that died at the National Zoological Park, Washington, 
D. C., was infested with a species.of parasite corresponding to de- 
scriptions of Ascaris anoura. This nematode apparently passes 
through the lungs in its life cycle, inasmuch as in addition to 28 
adult worms 115 to 160 mm. long, in the intestine of the python 
referred to, there were found in the lungs 65 young worms re- 
sembling in their structural details the adults from the intes- 
tine. These young worms varied in length from 18 to 38 mm., and 
if of the same species as the intestinal worms, as they appeared to be, 
it is evident that the larve of this species can develop much further 
in the lungs than the larve of Ascaris lumbricoides. 

Considering the migration of the larve of Ascaris and other in- 
testinal nematodes through the lungs, it might be argued from an 
evolutionary standpoint that parasitism of the lungs by nematodes 
is a more primitive condition than parasitism of the alimentary 
tract, and that only as the worms acquired a complete immunity to 
the effects of the digestive juices of the host did they move on into 
the stomach or intestines. 


DETAILS OF EXPERIMENTS WITH ASCARIS. 


The following records of the writers’ experiments do not cover 
all the experiments that were made. A considerable number are 
omitted, as they add little to what is shown by those selected, so 
far as concerns the infection of experiment animals and the mi- 
grations of the larvee in the body of the host. Numerous experi- 
ments have also been made relating to the hatching of Ascaris eggs 
in vitro, action of chemical reagents on the eggs, incubation of the 
eggs, etc., but the details of these experiments will not be given in 
the present bulletin. 


Experiment No. 1. 


January 15, 1917: Seven white mice fed with bread liberally soaked with a 
culture of eggs of Ascaris suum. 

January 19, 1917: Second feeding. 

January 24, 1917: Third feeding. 

January 27, 1917: Killed two of the mice, 12 days after the first feeding, 8 
days after the second, 3 days after the third. Post-mortem examination showed 
in one of the mice 21 larve in one-half of the lungs, 1 larva in the small in- 
testine, and 1 larva in the liver. In the other, 56 larvee in one-half of the 
lungs, 1 larva in the esophagus, 2 larvee in the trachea, and none in the small 
intestine. 

February 3, 1917: Two mice died, 19 days after the first feeding, 15 days 
after the second, 10 days after the third. One was examined and 1 larva found 
ir the small intestine. The other mouse was not examined. Three of the 
mice originally included in this experiment either escaped from the cage or 
died and. were destroyed without post-mortem examination. The feces re- 
maining in the cage at the close of the experiment were examined for larvee 
but none were found. 
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February 28, 1917: Fed 5 mice with eggs of Ascaris swum on bread. 

March 3, 1917: Second feeding. 

March 10, 1917: One mouse died with symptoms of pneumonia; no post- 
mortem. - : 

March 14, 1917: Two mere mice died from pneumonia, 14 days after the 
first feeding, 11 days after the second. The post-mortem showed a heavy in- 
vasion-of the lungs in both mice. In one of the mice no larvze were found in 
the liver or small intestine, 5 larve in the cecum ; in the other, 2 larvee in the 
liver, 36 in the small intestine, 4 in the cecum. 

The larvee in the lungs were of two rather distinct sizes evidently correspond-. 
ing to the different dates of infection. The larger size varied from 0.53 to 0.88 
mm., the smaller from 0.28 to 0.338 mm. in length. 5 

March 23, 1917: Examined feces of remaining mice for larvee. Negative. 
March 26, 1917: Killed fourth mouse 26 days after first feeding, 23 days 
after. second feeding. Post-mortem: Lungs, 15 larve 1.3 to 1.4 mm.; spleen, 
2_lJarvee 0.8 mm.; thyroid, 1 larva 0.7 mm.; liver, 2 larvee 0.8, 0.9 mm.; small 
intestine, 1 larva 1.2 mm.; cecum, 7 larve 1.6-1.9 mm. 

March 28,1917: Examined feces of fifth mouse. Negative. 

April 21, 1917: Killed fifth mouse. Negative. 


Experiment No. 3. 


April 27, 1917: Fed 6 mice at 11 a. m. AScaris suwm eggs on bread. 

- April 28, 1917: Killed 2 mice 28 hours after first placing food before them. 
One negative; in smail intestine of the other 1 Ascaris egg with shell intact, 
in stomach 4 Ascaris eggs containing living embryos. 

May 2, 1917: Killed third mouse 5 days after feeding. Several larve in 
liver, 0.4 to 0.55 mm. long; length of esophagus 0.1 to 0.38 mm., distance from 
anus to tip of tail 0.07 mm., greatest width 0.02 mm. Spleen, lungs, heart, 
kidney, stomach, small intestine, cecum, negative. 

May 5, 1917: Killed fourth mouse 8 days after feeding. Larvz in liver only, 
0.4 mm. long. 

May 10, 1917: Killed fifth mouse 18 days after feeding. Larvze in liver, 
tungs, under peritoneum in various parts of abdominal cavity, in feces. Larvze 
in feces were 1.2 to 1.75 mm. long. Length of esophagus 0.18 to 0.23 mm. 
Anus to tip of tail 0.1 mm. Larve in lungs 1.7 mm. long. Length of esopha- 
gus 0.24 mm. Anus to tip of tail 0.08 mm. Nerve ring 0.11 mm., excretory 
pore 0.14 mm. from anterior end of body. Maximum width of body 0.06 mm. 

February 12, 1918: Killed sixth mouse 94 months after feeding. Negative 
except for a few small black spots on the lungs, like the remains of old hem- 
orrhages. : 

Experiment No. 4. 


February 26, 1917: Fed 8 mice Ascaris suwm eggs on bread. 

March 2, 1917: First mouse died 4 days after feeding. Negative. 

March 17, 1917: Killed second mouse 19 days after feeding. Seven larvze 
in liver, 8 in spleen, none in other organs. 

March 26, 1917: Killed third mouse 28 days after feeding. Negative. 

April 19, 1917: Killed fourth mouse 52 days after feeding. Negative. 

July 5, 1917: Killed fifth mouse 129 days after feeding. Negative. 

November 10, 1917: Killed sixth mouse 257 days after feeding. Negative. 

December 3, 1917: Killed seventh mouse 280 days after feeding. Negative. 
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December 19, 1917: Killed the last mouse 296 days after feeding. A small, 
encapsulated tumor, superficial, in liver near the margin contained degener- 
ated larvee and a waxy or caseous substance. No definite calcification. 


Experiment No. 5. 


June 23, 1917: Fed 12 white mice at 11 a. m. eggs of Ascaris suum on 
bread, after starving 24 hours. 

June 25, 1917: Killed the first mouse 51 hours after feeding. In stomach 
2 unhatched eggs; in small intestine a few unhatched eggs. Lungs and spleen 
negative. Liver heavily infested with larve 0.28 to 0.33 mm, long. In large 
intestine unhatched eggs containing viable embryos. 

It is evident that within 51 hours large numbers of the larvze have lodged 
in the liver, but apparently the lungs have not yet been invaded. It is in- 
teresting to. note that a number of eggs still remain in various parts of 
the digestive tract and, apparently, are in the process of passing out, since 
they are found fairly numerous in the large intestine. 

June 28, 1917: Killed second mouse 5 days after feeding. Liver heavily 
infested. Larvze from the liver were kept alive in salt solution for 24 hours, 
but all died within 48 hours. Lungs, spleen, small and large intestines negative. 
Larve in liver measured 0.28 to 0.34 mm. in length. 

June 29, 1917: Third mouse died of pneumonia 6 days after feeding. In- 
tense congestion and hemorrhage by diapedesis. No larvee in the liver, spleen, 
or intestines, but very numerous in the lungs. Larve in lungs measured 0.34 
to 0.4 mm. in length. 

June 30, 1917: Fourth and fifth mice died of pneumonia 7 days after 
feeding. Lungs heavily loaded with larve, 0.29 to 0.6 mm. in length. Other 
organs not examined. 

July 2, 1917: Sixth mouse died from pneumonia 9 days after feeding. Lungs 
heavily infested with larve, 0.56 to 0.86 mm. in length. Liver heavily in- 
fested with larve, 0.56 to 0.86 mm. in Jength. Small intestine, 3 larve. Esoph- 
agus, numerous larvee, 0.9 to 1.45 mm. in length. Spleen, 1 larva, 0.36 mm. long. 
Cecum, 4 larve, 0.88 to 0.46 mm. long. 

July 3, 1917: Seventh mouse died 10 days after feeding. Lungs heavily in- 
fested; larvz 0.6 to 1.12 mm. in length. Small intestine, numerous larve, 0.83 
to 1 mm. in length. Large intestine, several larve, 0.75 to 1.45 mm. in length. 
Spleen negative. 

Most of the larvz remained actively motile in the tissues for 24 hours after 
the animal died, but all larve were apparently dead 48 hours after the death - 
of the host. 

July 5, 1917: Killed eighth mouse 12 days after feeding. Lungs heavily 


infested. 
Of the 4 mice remaining 3 were lost track of and 1 was still alive June 5, 1918. 


Experiment No. 6. 


September 22, 1917: Fed 6 white mice with eges of Ascaris swum on bread. 
September 24, 1917: One mouse died 2 days after feeding. No larve in 
liver. 
September 29, 1917: Second mouse died 7 days after feeding. Not examined. 
October 4, 1917: Third mouse died from pneumonia 12 days after feeding. 
Numerous larvee in lungs. Other organs not examined. Two mice born to one 
of the mice fed September 22. 
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October 5, 1917: Fourth mouse died 13 days after feeding. Not examined. 

October 6, 1917: Two remaining mice died 14 days after feeding. Larve 
found in lungs. : 

October 9, 1917: The 2 mice born October 4 were examined and found free 


from infection. 
; Experiment No. 7. 


November 4, 1917: A half-grown cat was fed many thousands of eggs of 
Ascaris suum. . 

November 12, 1917: Cat chloroformed and examined 8 days after feeding. 
Lungs, liver, spleen, small intestine, trachea, and pharynx examined and found 


negative.. 
Experiment No. 8. 


August 21, 1916: Two rats were fed bread soaked in a culture of Belascaris 
marginata incubated for 33 days in weak formalin. : 

August 22, 1916: Feces of rats contained Belascaris eggs with unhatched 
motile embryos, and a few hatched dead embryos. 

August 26, 1916: Killed one rat 5 days after feeding. Lung with hemor- 
rhagie petechie. One active larva found. Other organs not thoroughly ex- 
amined. 

August 29, 1916: Killed second rat 8 days after feeding. Lungs with hemor- 
rhagic petechie but a hurried examination failed to reveal worms. 


Experiment No. 9. 


October 11, 1917: Fed 6 guinea pigs with culture of Ascaris suum, each 


animal receiving two pipettes—about 24 cubic centimeters—of the culture. The 
animals were also allowed to eat oats over which a culture of Ascaris eggs had 
been poured. , : 

October 16, 1917: Killed the first guinea pig 5 days after feeding. ‘The post- 
mortem showed numerous larve in the lungs, 1 larva in trachea, none in liver, 
spleen, esophagus, and small intestine. 

October 17, 1917: Second guinea pig died 6 days after feeding. Lungs in- 
tensely hemorrhagic (color of beef liver). Larve very numerous in lungs; 
numerous in trachea. Hsophagus, stomach, liver, spleen, small intestine all 
negative. The larvee in the lungs varied in length from 0.35 to 0.69 mm., with 
esophagus 0.12 to 0.15 mm. in length. Those in the trachea were considerably 
larger, 0.71 to 1.13 mm. in length, 0.035 to 0.04 mm. in width, with esophagus 
0.13 to 0.15 mm. long. 

October 17, 1917: Third guinea pig died, 6 days after feeding. Lungs in- 


tensely hemorrhagic. Larvee were very numerous in the lungs, numerous in 


the trachea, several in the pharynx, 2 in the esophagus. Liver, spleen, stomach, 
small intestine all negative. Large intestine not examined. The larveze in the 
pharynx varied in length from 0.6 to 1.02 mm., the largest measuring 0.045 mm. 
in width, with esophagus 0.19 mm. long, 

October 18, 1917: Fourth guinea pig died from pneumonia 7 days after 
feeding. Numerous larve in lungs, several in trachea, 2 in the stomach 
0.49 and 0.78 mm. in length, both dead and degenerated, possibly from the 
action of the digestive juices. Small intestine, liver, thyroid, Fallopian tubes, 
pharynx, all negative. Hsophagus not examined. 

October 19, 1917: Fifth guinea pig died from pneumonia 8 days after feed- 
ing. Larve very numerous in lungs, numerous in trachea and pharynx, not 
found in esophagus, liver, thyroid, submaxillary glands, stomach, and small 
intestine. 


a 
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October 19, 1917: Sixth guinea pig died from pneumonia 8 days after feed- 
ing. Larve very numerous in lungs, several in trachea and esophagus. Not 
found in liver, spleen, stomach, small intestine, uterus, or Fallopian tubes. 


Experiment No. 10. 


June 15, 1918: Fed 6 guinea pigs with eggs of Ascaris suwm incubated 
since April 2. 

June 19, 1918: Killed first guinea pig 4 days after feeding. Lungs in- 
tensely hemorrhagic. Numerous lary in lungs, also unhatched eggs. Larvz 
in lungs measured 0.31 to 0.45 mm. in length. Liver, trachea, esophagus, 
negative. Other organs not examined. All the guinea pigs showed symptoms 
of pneumonia evidenced by dyspnea and abdominal breathing. 

June 20, 1918: Guinea pig No. 2 died 5 days after feeding. Lungs intensely 
hemorrhagic, unhatched eges in lungs. lLarvee in lungs, trachea, and pharynx. 
None in liver or small intestine. Other organs not examined. Measurements 
of laryze in different organs as follows: Lungs, 0.35 to 0.88 mm. in length; 
trachea, 0.5 to 0.88 mm.; pharynx, 0.5 to 0.98 mm. 

June 21, 1918: The 4 remaining guinea pigs died 6 days after feeding. Post- 
mortem on third guinea pig showed pneumonia with red hepatization of the 
lungs; numerous larvee in lungs, one in pharynx, none in trachea, liver, or 
spleen. Other organs not examined. Measurements of larve in different organs 
as follows: Lungs, 0.63 to 0.98 mm.; pharynx, 0.9 mm. 

June 26, 1918: Fourth guinea pig examined (kept in refrigerator since 
death, June 21). Lungs hemorrhagic, containing numerous larve. Several 
larve in trachea; other organs not examined. 

June 27, 1918: Fifth guinea pig examined (kept in refrigerator since death, 
June 21). Numerous larve in lungs, which were in a stage of red hepatization. 
Spleen and liver negative. Other organs not examined. 

June 29, 1918: Sixth guinea pig examined (kept in refrigerator 8 days since 
death). Lungs heavily infested; several larvee in trachea; larve in lungs and 
trachea, actively motile 8 days after death of host. Measurements of larvee 
in different organs as follows: Trachea, 0.6 to 0.9 mm.; lungs, 0.53 to 0.9 mm. 

The presence of unhatched eggs in the lungs of 2 of the guinea pigs may be 
explained by assuming that some of the eggs passed down the trachea instead 
of the esophagus, when the animals were being forcibly fed with a pipette. 
This explanation is strengthened by the fact that we have never seen unhatched 
eggs in the lungs of mice which were infested by being allowed to eat contami- 
nated food without compulsion. 

That Ascaris larvee can live for some time after the death of the host is shown 
in this experiment in which larve in the lungs and trachea were seen to be 
actively motile 8 days after the host animal died. Apparently, however, no 
growth occurred during this period, since larve from the lungs of the guinea 
pig which was examined on the day of its death measured 0.63 to 0.93 mm. 
(maximum and minimum of 10 specimens), while larve from the lungs of the 
guinea pig which had been dead 8 days measured practically the same—0.53 


to 0.9 mm. (9 specimens). 
Experiment No. 11. 


October 29, 1917: Fed 2 guinea pigs at 11 a. m. with about 3.6 cubic centi- 
meters of a culture of eggs of Ascaris suum in weak formalin. Culture started 
September 1. i 

October 30, 1917: Killed 1 guinea pig at 3 p. m., 28 hours after feeding, 
bled from neck, catching blood in test tube. Centrifuged with an equal amount 
of 1 per cent sodium-citrate solution. No larve found. 
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October 51, 1917: Two days after feeding, second guinea pig etherized about 
2p. m. and when entirely anesthetized the abdomen was opened and blood drawn 
by a syringe directly from the portal vein, the blood being delivered into a 
test tube containing 5 cubic centimeters of a 5 per cent solution of acetic acid 
and centrifuged. The second specimen of the sediment taken for examination 
from the bottom of the tube contained two larve about 0.28 mm. long. 

It appears from the experiment above that 48 hours after feeding cultures of 
Ascaris eggs, AScaris larve may be found in the blood in sufficient numbers to 
be demonstrated in the portal circulation, but'the results of a single experiment 
such as this can not be accepted as conclusive. 


Experiment No. 12. 


November 38, 1917: Fed 3 guinea pigs with culture of Ascaris swum. 

November 5, 1917: Two days after feeding killed and examined blood of first 
guinea pig, keeping portal system and systemic system separate, using 3 per 
cent acetic acid, same technique as in previous experiment. Both liver and 
blood negative. ‘ 

November 6, 1917: Three days after feeding killed and examined second 
guinea pig, drawing blood from pulmonary artery. One larva seen. Two 
jJarvee in lungs; none in liver. ; 

November 9, 1917: Third guinea pig died from pneumonia six days after feed- 
ing. Many larve in lungs, several in trachea, one in esophagus, one in small in- 
testine, none in liver. 

It appears from the above experiment that the lary after leaving the liver 
are carried by the systemic circulation to the heart and thence by the 
pulmonary artery to the Jungs. In this experiment as early as three days after 
infection a few larve had already entered the lungs and as none were found 
in the liver it is possible that most of the larvze were in the blood stream on 
the way to the lungs. The results of a single experiment such as this, how- 
ever, cam not be accepted as conclusive. 


Experiment No. 13. 


November 22, 1917: Three guinea pigs injected subcutaneously with Ascaris 
SUUmM eggs. 

November 30, 1917: Killed first guinea pig eight days after injection. Larva 
in lungs, 0.5 mm. long. Abscess at site of injection contains Ascaris eggs, the 
embryos dead and unhatched. Spleen, trachea, and esophagus negative; lungs 
with hemorrhagic spots. 

December 4, 1917: Killed second guinea pig 11 days after injection. Larva 
in lungs, 1.5 mm. long; one anterior lobe of lung chocolate brown; a few 
hemorrhagic spots over the rest of the lungs. Spleen, trachea, and esophagus 
negative. Unhatched eggs containing vermiform embryos in abscess at site 
of injection. 

December 4, 1917: Killed third guinea pig 11 days after injection. Lungs 
showing extensive inflammation and covered with dark hemorrhagic spots. 
Larvee in lungs; one measured 1.3 mm. in length. Larvee in trachea measuring 
15 mm. Spleen and esophagus negative. Eggs in abscess under skin at site 
of injection. Some empty shells. Embryos in eggs dead. 

The experiment of injecting Ascaris eggs beneath the skin was repeated, 
six guinea pigs being used. Similar results were obtained, the larve being 
found in each case in which the lungs were examined a week to 10 days after 
injection of the eggs. 
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Experiment No. 14. 


December 3, 1917: Fed three rabbits (with pipette) heavy doses of a 2 per 
eent formalin culture of Ascaris swum eggs. Culture started October 22. 

December 13, 1917: Ten days after feeding, one rabbit died. Lungs intensely 
hemorrhagic in the stage of red hepatization; extreme hemolysis. Blood thin 
and watery and would not coagulate after long standing. Thousands of larvze 
throughout the lung tissue. Small pieces taken at random were always found 
swarming with worms. Larvz were also numerous in the trachea, esophagus, 
lungs, and stomach. The small intestine, liver, and spleen were negative. 
Measurements of larvze in different organs as follows: Lungs, 0.9 to 1.8 mm.; 
stomach, 1.45 to 1.75 mm. 

February 27, 1918: Killed second rabbit 86 days after feeding. Two dead 
and encapsulated larve seen in the lungs; none in the liver, spleen, trachea, 
esophagus, or small intestine. Lungs showed a few petechie but otherwise were 
normal in appearance. 

March 12, 1918: Third rabbit died from pneumonia (not verminous) 99 days 
after feeding. No laryz seen in liver, lungs, trachea, esophagus, or spleen. 
Other organs not examined. 


Experiment No. 15. 


July 3, 1918: Fed 3 rabbits with eggs of Ascaris suwm incubated since April 
4, 1918. 

July 6, 1918: Killed first rabbit 3 days after feeding. Numerous larve in 
liver, 1 in lungs, 1 in trachea. Spleen negative; other organs not examined. 
Parasites in liver, 0.2 to 0.25 mm. One in trachea measured 0.23 mm. 

July 8, 1918: Killed second rabbit 5 days after feeding. Larve in liver and 
lungs. Spleen, trachea, and esophagus negative. Other organs not examined. 
Larve in liver (4 specimens), 0.23 to 0.45 mm. Larvee in lung (9 specimens), 
0.23 to 0.48 mm. 

July 11, 1918: Third rabbit died 8 days after feeding. Liver negative, lungs 
heavily infested with larve, 1 in trachea, 3 in esophagus, 1 in small intestine, 1 
in stomach. Larve in lungs (13 specimens), 0.33 to 0.73 mm.; trachea, 0.75 
mm.; stomach, 0.6 mm.; esophagus (3 specimens), 0.99 to 1.33 mm. 


Experiment No. 16. 


December 3, 1917: Rabbit fed eggs of Ascaris suum. 

December 13, 1917: Rabbit died; lungs heavily infested. The lungs were 
eut into small pieces, placed in artificial gastric juice in the incubator and the 
larve digested out of the tissues. 

December 14, 1917: Larve removed from the digestive fluid and placed in 
normal salt solution at room temperature, 

December 17, 1917: Some larve still alive. 

December 26, 1917: Some larvee still alive. 

January 4, 1918: Next examination, all dead. 


Experiment No. 17. 


Several years before the present series of experiments, the junior writer 
attempted to infest hogs by feeding one lot with the eggs of Ascaris suum, a 
second lot with eggs of Ascaris lwmbricoides, and reserving a third lot as check 
animals. The different lots were kept in separate pens on ground where no 
pigs had ever been before. The feces of all the pigs were previously examined 
for Ascaris eggs and found free. At the end of about three months the pigs 
which had been given eggs of Ascaris lumbricoides were found positive, those 
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given eggs of A. swum were still negative, while the check animals a few weeks 
later were found positive. No conclusions can therefore be drawn from the 


experiment. 
Experiment No. 18. 


The pigs used in this experiment were estimated to be between three and 
four months old when received, December 21, 1916, but it was nearly two months 
later before the first feeding with Ascaris eggs was given. 

Precautions were taken to prevent outside infection after the experiment 
started and to insure that the animals were free from Ascaris before the 
experiment commenced. Of the 12 pigs used, 10 were found to be infested 
with Ascaris when purchased, and all 12 were given a dose of 2.5 mils of oil 
of chenopodium, with 1 ounce of castor oil. In our extensive experience with 
chenopodium we find that one dose is usually successful in removing all 
Ascaris present. In order to make doubly sure, however, three treatments 
with chenopodium were given, with intervals of five days to a week between 
doses, the last dose being given January 15, 1917. Four days later the feces 
of all the pigs were reexamined for Ascaris and all found negative. The ani- 
' mals were then taken from the pen, given a thorough scrubbing with soap and 
water, so as to reduce the chances of Ascaris eggs being carried over on the 
skin, and placed in clean pens with board floors, where no pigs had been 
before. Two of the animals died during the Ee treatment; the re- 


maining 10 were placed in three pens, as follows: Pen A, 2 check animals not 


given Ascaris eggs; pen B, 4 pigs given 1 feeding of ace eggs; pen C, 4 
pigs given repeated feedings of Ascaris eggs. 


PEN B PIGS GIVEN ONE DOSE OF ASCARIS EGGS. 


February 10, 1917: Pigs dosed with Ascaris suwm eggs from cultures started 
December 14 and 29,1916. Eggs from these cultures were also fed to mice, which 
Subsequently developed verminous pneumonia. 

March 4, 1917: Killed first pig 22 days after feeding Ascaris eggs. Five 
Ascaris in the small intestine, 4 of which measured 8.5 cm., 7 em., 7 cm., and 
6.5 em. The fifth, apparently about the same size, was cut by the enterotome 
when the intestines were opened, and hence could not be measured. 

March 7, 1917: Killed second pig 25 days after feeding Ascaris eggs. No 
Ascaris found. 

March 21, 1917: Killed third pig 39 days after feeding Ascaris eggs. No 
Ascaris seen in small or large intestine or stomach. No larvee found in spleen, 
lungs, or liver. 

April 14, 1917: Killed fourth pig 63 days after feeding with Ascaris eggs. 
No Ascaris found. 


PEN C PIGS GIVEN REPEATED DOSES OF ASCARIS EGGS. 


February 24, 1917: Pigs given first dose of Ascaris eggs. 

March 3, 1917: Second dose of Ascaris eggs. 

March 20, 1917: Third dose of Ascaris eggs. Culture started February 27, 
1917. This culture was subsequently fed to mice, and the resulting infestation 
proved the embryos were viable. 

April 12, 1917: Fourth dose of Ascaris eggs. 

April 27, 1917: Killed first pig 62 days after the first dose of Ascaris eggs, 
15 days after the fourth dose. Two Ascaris in small intestine, 17 em. and 19 
cm., both the same age, to judge from their similarity in size. Liver, spleen, 
lungs, esophagus examined microscopically for larvee; none found. 
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May 7, 1917: Fifth and last dose of Ascaris eggs given to the three remaining 
pigs. 

June 4, 1917: Killed second pig 100 days since first feeding with Ascaris 
eges, 28 days since the last feeding. No Ascaris found. 

July 2, 1917: Killed third pig 128 days after first feeding with Ascaris 
eggs, and 56 days after the last feeding. Six female Ascaris were found, 23 cm., 
24 em., 25 em., 26 cm., 26.5 cm., and 27 cm.; all in small intestine. 

July 7, 1917: Killed fourth pig 133 days after the first feeding with Ascaris 
eggs, and 61 days after the last. Kleven female Ascaris were found, measuring 
21 to 32 cm. 


PEN A PIGS NOT FED ASCARIS EGGS. 


July 7, 1917: Feces were again examined 167 days after the last fecal ex- 
amination, when these pigs were first moved to their present quarters. The 
combined feces showed a few Ascaris eggs. 

July 11, 1917: Feces of first pig examined; positive for Asearis. 

July 12, 1917: Feces of second pig examined; positive for Ascaris. 

August 16, 1917: Reexamination of feces of first pig; Ascaris eggs present. 

August 17, 1917: Reexamination of feces of second pig; Ascaris eggs present. 

September 19, 1917: Feces of both pigs examined; Ascaris eggs present. 

February 7, 1918: Feces of both pigs examined; both positive for Ascaris. 

February 19, 1918: Second pig passed one large female Ascaris following 
dose of tartar emetic. 

February 20, 1918: Both pigs killed. The first had 2 Ascaris, the second 
(which had passed 1 Ascaris) had 1 remaining. 

Obviously the value of the conclusions to be derived from this experiment 
is weakened by the fact that the check animals were also infested, in spite 
of the precautions to guard against such a contingency. Considering the re- 
liance which may be placed on a single dose of oil of chenopodium to rid 
hogs of Ascaris (as shown by Hall and Foster, 1918) and the fact that 3 such 
doses were given and the fecal examination following the last dose was nega- 
tive, we have every reason to believe that the pigs were free from Ascaris 
when placed in the clean pen. Nevertheless, we can not be certain that the 
pigs were free from Ascaris, and they may have harbored young worms still 
in course of migration. There is also to be considered the possibility of the 
introduction of extraneous infection on the feet of the attendant or in the 
feed. ; 

Considering first the experiment animals which were given but one feeding 
of Ascaris eggs, we find that only one of the four animals became infested in 
spite of the thousands of Ascaris eggs given to each pig, and this pig had 
but 5 worms—not a very convincing proof of the direct life cycle of the pig 
Ascaris. Furthermore, although the worms found were all about the same 
length, indicating that they came from the same infection, they had reached 
a rather large size, too large apparently for infection to have occurred only 
22 days before. 

Among the pigs which had received repeated doses of Ascaris eggs, 3 out 
of 4 were infested, the heaviest infestation being 11 Ascaris, the lightest 2 
Ascaris. It is impossible to decide whether or not thé worms found in these 
animals came from the eggs fed to them. Naturally, in view of the large 
number of eggs fed, massive infestations would have been expected. This, 
however, was not the case. A possible indication that the worms found 
actually came from the eggs fed to the pigs in pen C is that the average size 
of the worms from the pig killed 1388 days after the first feeding and 61 


} 
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days after the last is greater than that of the worms from the pig killed 62 
days after the first feeding and 15 days after the last. 


Experiment No. 19. 


Our failure in Experiment No. 18 to infect all the animals that were fed eggs, 
and to get massive infestations, together with the fact that our check animals 
became infested, led us to repeat the experiment. About this time the finding 
of ascarids in the lung of a young pig, as already recorded (Ransom and Fos- 
ter, 1917), and the fact that young animals have long been known to be par- 
ticularly susceptible to parasitic infestation, suggested that more successful 
results from infection experiments might be obtained if very young pigs were 
used as subjects. . 

With the idea of obtaining animals as young as,\possible and to reduce the 
chances of prior infection it was decided to take a pregnant sow, eliminate 
all ascarids by treatment, place the sow in a clean pen for farrowing, and 
feed the little pigs with Ascaris eggs as soon as they could be handled. 
After numerous disappointments, a pregnant sow was procured, which, how- 
ever, gave birth to 5 pigs before it could be examined and treated for Ascaris. | 
Two weeks after the birth of the pigs (of which 2 only remained alive), the 
feces of the sow were examined. One Ascaris egg was seen in the first exam- 
ination and others in a subsequent examination. There was considerable 
doubt after the first examination whether the single egg seen came from a 
contamination of the fecal sample or indicated a slight infestation. At any 
rate it was evident that if the sow was infested the little pigs had already 
had an opportunity to pick up eggs from the sow’s feces, and it was therefore 
decided not to disturb the sow by anthelmintic treatment, but to proceed 
directly with the experiment on the pigs. 

September 22, 1917: Dosed one of the little pigs with culture’ of eggs of 
Ascaris suum. Pig 15 days old when treated. 

September 29, 1917: Pig died 7 days after dosing with Ascaris eggs. 

October 1, 1917: Post-mortem of pig. Ascaris larve numerous in lungs, 
trachea, and pharynx. None found in liver, spleen, esophagus, small or large 
intestine. Larve from the trachea varied from 0.67 to 1.388 mm. in length, 
0.03. to 0.06 mm. in width, with esophagus 0.12 to 0.21 mm. in length. 

October 4, 1917: Fed second pig with 5 c. c of a culture of eggs of Ascaris 
suum. Pig now 27 days old. 

October 16, 1917: No signs of pneumonia. 

November 10, 1917: Second feeding of Ascaris eggs. 

November 17, 1917: Killed pig 44 days after the first feeding, 7 days after 
the second. Liver and lungs both show numerous petechiz similar to those 
found in other experiment animals and associated with the invasion of these 
organs by Ascaris larvee. However, no larve were seen in the preparations 
examined. The small intestine contained 8 immature Ascaris, 3 of which 
were accidentally cut by the enterotome. The remaining 5 measured as 
follows: Length, 88 mm., 78 mm., 70 mm., 65 mm., and 60 mm.; width, 1.5 
mm., 1.8 mm., 1.2 mm., 1 mm., and 1 mm. 

November 28, 1917: Feces of sow examined; several Ascaris eggs seen. 

November 30, 1917: Sow killed; 7 Ascaris in small intestine, measuring 16 
to 21 em. long. 

This experiment, like the preceding, is open to the criticism that outside 
sources of infection were not excluded, since the pigs for the first month of life 
were in intimate association with the mother which at the post-mortem was 
proved to have been infested, This, however, has no bearing on the findings 
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in regard to the first pig which died of verminous pneumonia. The heavy 
infestation in this case could not conceivably have resulted in any other way 
than from the massive dose of eggs given 7 days before. In regard to the 
second pig which was found infested with intestinal ascarids 44 days after 
the initial feeding of eggs, it is less certain that the worms came from the eggs 
that were fed. Yet the fact that all the worms found were of nearly the same 
size and, assuming that it takes about 24 months for adults to develop in the pig, 
as it has been shown is necessary in the case of the human Ascaris, the facts that 
the worms were immature and of a size that might reasonably be expected after 
44 days of growth, are not inconsistent with the presumption that the worms 
found came from the eggs that were fed to the animal. 


Experiment No. 20. 


Two young suckling pigs were used, one fed with eggs of Ascaris lumbri- 
coides containing vermiform embryos, the other reserved as a check animal. 
Both pigs and the sow were transferred to a clean board pen soon after the 
pigs were born and the feces of the sow were frequently examined for evidences 
of Ascaris infestation. Throughout the experiment’the feces were negative. 
Highty-one days after the feeding with Ascaris eggs the pig was slaughtered but 
no Ascaris was found in the small intestine nor in any of the organs usually 
invaded by the larvze. Seventeen days later the check animal was slaughtered 
and was also found free from Ascaris infestation. Some of the same culture of 
eges used in this experiment was fed to guinea pigs, whose lungs became 
heavily infested with larve, so there is no question as to the viability of the 
eggs. 

Experiment No. 21. 


In this experiment 5 newborn pigs were used, date of birth, March 22, 1917. 
Three pigs were fed with the same culture of eggs used in Experiment No. 20, 
and 2 pigs were kept as checks. All 5 were kept with the sow in a recently 
built clean pen. 

March 30, 1917: First pig received about 5 ¢. c. of a culture of eggs of Ascaris 
lumbricoides. Second pig received about 6 c. c. Third pig received about 4 ¢. « 

April 8, 1917: Pig No. 2 died 9 days after feeding. The lungs were spotted 
with numerous ecchymoses but not intensely hemorrhagic as in laboratory ani- 
mals dying of verminous pneumonia. The spleen and thyroid were negative. 
One larva was found in the liver, the lungs were heavily infested, larvae were 
numerous in the trachea, while one larva was found in the pharynx and one 
in the esophagus. Larvee in the trachea varied from 0.85 to 1.04 mm. in length, 
with esophagus from 0.09 to 0.18 mm. long. 

May 6, 1917: Sow removed from the pen. While with the pigs four fecal 
examinations were made at intervals, all of which proved negative. 

June 3, 1917: First pig slaughtered and examined 65 days after feeding. 
Lungs showed lesions of broncho-pneumonia. There were 2 large hemorrhagic 
areas in which 2 degenerated Ascaris larve were seen. Trachea, esophagus, 
stomach, intestines, spleen, and liver were negative for Ascaris. 

July 5, 1917: The third pig was slaughtered 97 days after feeding. Lungs, 
bronchi, trachea, esophagus, small and large intestines were all examined, but 
no Ascaris found. 

July 17, 1917: Fourth pig (check animal) slaughtered and examined 109 days 
after feeding pigs 1, 2, and 3. Negative for Ascaris. 

July 26, 1917: Fifth pig (second check animal) slaughtered and examined 118 
days after feeding pigs 1, 2, and 3. Negative for Ascaris. 
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It might appear from these experiments that Ascaris lumbricoides can not 
develop beyond the lung stage in pigs, and that therefore there is a biological 
if not a morphological difference between the Ascaris of man and that of pigs, 
the Ascaris of man not being able to develop in the pig. Of 4 pigs fed very 
large doses of eggs only 2 showed any infestation, and in neither of these did 
the worms develop beyond the lung stage. It is true that 1 of the 4 pigs died 
when the parasites were actively migrating out of the lungs, and in this case 
the death of the host certainly interfered with further development of the 
larve, but of the 8 remaining pigs, all of which received large numbers of eggs, 
only one showed any infestation, and apparently in this case the larve that 
succeeded in reaching the lungs never developed further. 

It is, however, hard to believe that the digestive apparatus of the pig is so 
different from that of man that an Ascaris morphologically indistinguishable 
from the form found in man would be unable to develop at least to an imma- 
ture stage in the intestine of swine. As shown in another experiment Ascaris 
suum may develop in lambs to immature worms of considerable size, and it may 
also be noted that Jammes and Martin (1906) succeeded in rearing Ascaris 
vitulorum to a considerable size in a man to whom the eggs of the parasite 
liad been administered. Yet the difference between the digestive apparatus of 
sheep and swine is certainly greater than that between swine and man, and 
undoubtedly the Ascaris vitulorum of calves is a distinct species from Ascaris 
tumbricoides of man. The failure to obtain at least immature worms if not 
mature worms in the intestines of pigs following the feeding of eggs of A. 
lwmbricoides can therefore scarcely be explained upon the basis of a biological 
difference between the Ascaris of man and that of the pig. 


Experiment No. 22. 


March 2, 1918: Fed a 2-day-old lamb with about 3 cubic centimeters of a 
culture of Ascaris suum eggs which had been prepared January 9. 

June 13, 1918: Lamb killed 103 days after feeding. Apices of lungs consoli- 
dated. No Ascaris larve found in the lungs. Duodenum showed numerous 
ecchymotic spots and 50 half-grown Ascaris, 12 males, 388 females. Males were 
60-110 mm. long, average 88 mm.; females 60-182 mm. long, average 91 mm. 
Three worms were over 130 mm. long. Most of the specimens were between 75 
and 110 mm. 

Experiment No. 23. 


July 3, 1918: Fed a 4-day-old kid with a large dose of eggs of Ascaris suum 
incubated since April 4, 1918. The kid showed no’ ill effects from this dose. 

July 20, 1918: Second feeding with Ascaris swum eggs, one-half ounce of the 
culture being given in milk. 

July 27, 1918: The kid shows symptoms of pneumonia 24 days after the first 
feeding, 7 days after the second feeding. High temperature, abdominal breath- 
ing, occasional hard, dry cough; animal appears listless, but appetite is still 
good. Hyes are somewhat inflamed, coat staring, animal lies down most of 
the time. 

July 28, 1918: Same symptoms as before. Gave three 1/50-grain strychnin 
tablets as a heart stimulant. 

July 50, 1918: Kid refuses all food, grows rapidly worse, and dies at 4.30 
p. m., 27 days after the first feeding, 10 days after the second. 

July 31, 1918: Post-mortem, Liver shows extensive cirrhosis, but no larve 
are seen. Lungs intensely hemorrhagic and edematous; loaded with larvze 
ranging from 0.95 to 1.85 mm. in length, most of the forms measured being well 


LIFE HISTORY OF ASCARIS LUMBRICOIDES., 43 


over 1mm. Thymus, spleen, and thyroid negative. Larvee in trachea, pharynx, 
and esophagus very abundant. Trachea, pharynx, and esophagus show diffuse 
inflammation of the mucous surfaces. Larvze numerous in first stomach and 
in fourth stomach, the latter showing diffuse inflammation. The small intestine 
contained thousands of young ascarids varying in length from 4.3 to 11.4 mm., 
averaging 7.9 mm. (29 specimens measured). Presumably these latter were 
derived from the first feeding and are therefore 27 days old, while the smaller 
forms in the lungs, trachea, esophagus, and stomach are the result of the second 
feeding and are therefore 10 days old. 


GENERAL SUMMARY. 


The embryos in the eggs of Ascaris suum or A. lumbricoides in the 
presence of oxygen and moisture may reach full development in 10 
days if incubated at a temperature of about 33° C., development pro- 
ceeding more slowly at lower temperatures and being inhibited by 
the lack of oxygen or moisture. 

The shell of the egg is insoluble in many chemical reagents. 
Within the shell there is a thin membrane which is highly imper- 
meable and even more resistant to solution than the shell itself. The 
shell may be dissolved with antiformin, leaving the embryo inclosed 
in the membrane, in which condition the embryo may continue active 
for several days. 

Hatching of the embryo may occur accidentally outside the body 
of a host, but occurs normally only in the small intestine. Hatching 
also occurs if the egg is introduced beneath the skin. The factors 
that govern the hatching of Ascaris eggs are yet to be determined. 
Martin’s conclusions that hatching is caused by alkaline or even 
neutral solutions acting at body temperature have not been confirmed. 

Ascaris eggs in large numbers may be conveniently obtained and 
developed to the infectious stage for experimental use by removing 
the eggs from the uteri of female worms and incubating them in a 
solution of formalin placed in shallow dishes and stirred every few 
days to insure sufficient aeration. 

If Ascaris eggs containing fully developed embryos are swallowed 
by rats, mice, guinea pigs, or rabbits they hatch in the small intestine. 
Some of the newly hatched larve may be eliminated in the feces, but 
others penetrate the wall of the alimentary tract and apparently aided 
by the circulation migrate to the liver and lungs; they may also mi- 
grate to the spleen and thyroid and under the peritoneum of the 
abdominal cavity. Most of those entering the liver later migrate to 
the lungs. In the course of their migrations the larve undergo 
growth and development, reaching five to ten times their original 
length before leaving the lungs, after which no material change 
occurs in size or structure. Larve that do not reach the lungs 
ultimately die and become encysted or absorbed by the surrounding 
tissues. From the lungs the larve crawl up the trachea, then 
down the esophagus through the stomach into the intestine, and 
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finally pass out of the body in the feces. They may be found in 
the liver as early as 2 days after infection, in the lungs and 
trachea as early as 3 days after infection, and in the alimentary 
tract after their passage through the lungs as early as 6 days after 
infection. They are common in the lungs a week to 10 days after 
infection, becoming scarce in the liver as they become numerous in 


the lungs. Within a little over two weeks after infection: all or 


practically all the larvee are usually eliminated, but have been found 
still present and active in the liver, lungs, and alimentary tract as 
late as 23 days after infection. : 

In young goats and lambs the larvee of Ascaris swum after migrat-~ 
ing through the lungs settle down in the small intestine and undergo 
development approaching maturity, these animals thus being better 
adapted as hosts than rats, mice, guinea pigs, and rabbits. 

In pigs Ascaris larve after migrating through the lungs settle 
down in the small intestines and develop to maturity, and presum- 
ably the same cycle occurs in human beings. 

Rats and mice play no part in the normal life history of Ascaris. 
The behavior of the larvee in these animals and in guinea pigs and 
rabbits may be considered simply an expression of imperfect adapta- 
tion of the parasites to existence in these hosts. 

In pigs and human beings Ascaris may develop to maturity within 
two and one-half months after infection. 

In guinea pigs the larve apparently reach a larger average size 
than in mice in the same length of time, and still larger in rabbits. 

Migrating Ascaris larve produce destructive lesions in the liver 
and lungs, especially in the latter. 

Some larve die during their migrations. Dead and degenerated 
larvee have been found in the lungs as late as 86 days after infection, 
and in the liver 296 days after meee 

The invasion of the lungs by Ascaris larve may result in a serious 
and sometimes fatal pneumonia, which appears in a week to 10 days 
after ingestion of the eggs. 

Young pigs are more susceptible to Ascaris infection than older 
animals, but may not entirely lose their susceptibility with advancing 
age. 

No evidence has been obtained that one infection with Ascaris ren- 
ders animals less susceptible to later infections. 

If properly incubated Ascaris eggs are injected beneath the skin 
they will hatch, and the larvee will migrate to the lungs, where they 
may be found a few days after injection of the eggs to have reached 
the same stage of development as they would if infection had oc- 
curred from swallowing the eggs. 

The larvee of Belascaris marginata undergo migrations in rats simi- 
lar to those of Ascaris suum and A. lumbricoides. 
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Immature stages of a nematode resembling and probably identical 
with Ascaris anoura have been found in the lungs of a python, indi- 
eating that this species, like Ascaris lumbricoides and Belascaris mar- 
ginata, migrates through the lungs, reaching, however, a more ad- 
vanced development before moving into the alimentary tract. 

The larve of Hemonchus contortus ingested by guinea pigs can 
be found in the lungs 2 days later, indicating the possibility that 
this species migrates through the lungs before finally establishing 
itself in the alimentary tract. 

Migration of the larve through the lungs is probably a common 
occurrence in the life cycle of nematodes whose adult stage occurs in 
the alimentary tract. 

Stewart’s observations as to the migration of Ascaris larve through 
the lungs have been confirmed, but his suggestion that rats and mice 
act as intermediate hosts is not tenable. No intermediate host is 
necessary, and human beings and pigs become infected with Ascaris 
as a result of swallowing the eggs of the parasite, and not as a 
result of swallowing food, water, or other substances that have been 
contaminated by the feces of rats or mice. 
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SOIL DISINFECTION WITH HOT WATER TO CON- 
TROL THE ROOT-KNOT NEMATODE AND PARA- 
SITIC SOIL FUNGI. | 


By L. P. Byars and W. W. Grsert, Pathologists, Office of Cotton, Truck, and 
Forage Crop Disease Investigations. 
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OBJECTS OF THE INVESTIGATIONS. 


The experiments described in the following pages were undertaken 
to obtain more accurate data on the effectiveness of hot water as a 
means of ridding soil of the root-knot nematode (Heterodera radi- 
cicola) (Greef.) Miller) and parasitic fungi usually associated with 
damping-off and other root troubles. 

The great need of a simple, practical method for disinfecting small 
quantities of soil in which to grow healthy seedlings for home-garden 
planting has always existed, but because of the great extension of 
tomato and other club work in recent years, the need has become 
more pronounced and more apparent. Such a method would also 
be especially adapted for disinfecting soil in pots and shallow green- 
house benches. Very successful results have been obtained by one 
of the writers in killing the root-knot nematode in infested dasheen 
tubers, to be used for planting purposes, by soaking them in hot 
water, without appreciably impairing their viability. Furthermore, 
a method of soil disinfection by hot water has been used with some 
success in vegetable greenhouses in the Boston district, but no care- 
ful experiments have been carried out to determine the temperatures 
required or the quantity of water necessary to control the soil troubles 
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successfully. It is not thought that the hot-water method will 
take the place of steam for soil-disinfecting purposes where steam 
can be advantageously used. On the other hand, it is intended for 
use where steam is not available or where its use is for any reason 1m- 
practicable. Many greenhouses are so constructed that the use of 
inverted pans for steaming the soil is not feasible. In some green- 
houses the capacity of the boilers is not sufficient to furnish the high 
pressure steam required for disinfecting purposes. For disinfecting 
small quantities of soil in pots or flats, to be used in growing seedling 
plants for home gardens or in greenhouses, steam is rarely available, 
and its use is often impracticable. oie 

So far as the writers have been able to ascertain, the only investi- 
gations that have been carried out with hot water for soil disinfec- 
tion are those of Stone and Smith in “The Rotting of Greenhouse 
Lettuce,’ Bulletin 69 of the Massachusetts (Hatch) Agricultural 
Experiment Station, published in 1900. Working with deep ground 
beds of greenhouse soil, they found that by the liberal application of 
water at 210° F. as it came from the hose the temperature of the 
upper 4 inches of soil was raised to 176° to 186° F. The treatment 
completely killed the Rhizoctonia and reduced the amount of 
lettuce drop caused by Sclerotinia libertiana 76 per cent. 

In carrying out the investigations here reported, two series of 
experiments were performed, the second being in a large measure a 
repetition of the first, but with certain changes and additions 
suggested as a result of the first tests. 


EXPERIMENT SERIES I. 
METHOD OF PROCEDURE. 


SOIL. 


The soil used in the experiments was a light, loose, sandy mixture 
made of about one-third standard greenhouse soil and two-thirds sand. 
Such a mixture is very favorable for the growth of nematodes. 
For some time previous to the initiation of the experiments, the soil 
had been in a bench section in the greenhouse which had been used 
for growing tomatoes for maintaining a large stock culture of nema- 
todes. It was, therefore, well infested with the root-knot nematode 
and with damping-off fungi, as was shown by previous results on 
tomatoes grown therein as well by thesubsequent observations with 
untreated checks. To insure uniform physical condition and uniform 
distribution of the pathogenes throughout the entire mass of soil, it 
was thoroughly mixed by shoveling over several times, and was then 
sifted through a coarsescreen. To obtain more abundant infection, m 
in some cases, as noted in detail below, tomato roots severely diseased 
with root-knot were cut up into small pieces and mixed with the soil. 
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TREATMENT OF THE SOIL. 


The soil was then placed in standard 4 and 8 inch unglazed earthen 
pots and in a section of a raised greenhouse bench. Inasmuch as 
the soil in different containers received different treatments, each 
series of experiments is here considered separately. 

Four-inch pots —The 4-inch pots were treated by immersing them 
for 24, 5, and 10 minutes, respectively, in boiling water at 98° C. 
(208° F:). Three pots were included in each treatment, and one was 
left untreated as a check. The soil used was taken from the green- 
house bench described, but was not further infected by the addition 
of nematode-infested roots. During the immersion of the pots the 
water was kept boiling by means of two large Bunsen burners. The 
check pot was immersed for a short time in cold water. Following 
the immersion, the pots were removed and the surplus water allowed 
to drain off. They were then placed on the greenhouse bench, 
which was covered with a layer of fresh cinders, to reduce the pos- 
sibility of reinfestation with nematodes, and allowed to dry for five 
days before planting. 

This experiment was duplicated, using the same sifted soil plus 
nematode galls of tomato roots. These galls were cut up into small 
pieces, about one-third inch long, and mixed with the soil in the top 
half of the pots. 

Eight-inch pots—The 8-inch pots were filled with the infested soil 
to within 1 to 14 inches of the top when well shaken down. Three 
pots each were then treated by applying 1,000, 2,000, and 3,000 c. ¢., 
respectively, of boiling water at 98° C. (208° F.). An additional 
pot was thoroughly wet down with cold water and left as a check. 
In the case of the 1,000 c. c. treatment, the boiling water was all 
applied at one time, but with the larger treatments it was added as 
rapidly as it penetrated the soil. 

As soon as the respective quantities of water were added, the pots 
were covered with newspapers to hold in the heat, and the surplus 
water was allowed to drain off. The pots were then left on the 
greenhouse bench to dry for five days previous to planting. 

This experiment was also duplicated, using sifted infested soil 
plus nematode-infested tomato roots cut up and thoroughly mixed 
with the topsoil in the pots. 

Greenhouse bench.—A portion of a greenhouse bench about 3 by 4 
feet was divided into four sections approximately 18 by 26 inches 
by means of 1-inch boards which extended to the bottom of the 
bench and about 2 inches above the surface of the soil, which was 
about 5 inches deep. The soil was the same as that used for the pot 
experiments described above, except that it was not sifted and did 
not receive additional nematode-infested tomato roots. 
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Section 4 received an application of approximately 17,000 c. c. 
(17 liters) of cold water and acted asacheck. Tosections 1, 2, and 3 
were applied, respectively, 8,500, 13,500, and 17,000 c. c. of boiling 
water, which is approximately equivalent to an application of 750, 
1,000, and 1,500 c. c. per 8-inch pot of soil. In thecase of section 1 
the whole quantity was applied at one time; on sections 2 and 3 the 
hot water was applied in two doses put on a few minutes apart, for 
the reasons that the soil would not take up the entire volume of 
water at one time, and, furthermore, the means for heating this 
quantity at once were not at hand. In the case of section 1 the 
water applied was sufficient to wet thoroughly all the soil, and a 
small proportion ran through. In sections 2 and 3 a considerable 
proportion of water ran through, but it was noted that the first dose 
compacted the soil to a certain extent, so that the second dose ran 
through but slowly. To further assist in holding the heat in the soil, 
the sections were covered with newspapers immediately following 
the treatment. The bench sections were left for seven days, to allow 
the soil to dry out sufficiently for planting. 


PLANTING OF SEED. 


In the 4 and 8 inch pot experiments, Stone tomato seeds were sown 
five days after the treatment, fairly thick, but as uniformly as possible. . 
In the bench sections two rows each of Stone tomatoes and Big . 
Boston lettuce were sown in a similar manner, especial care being 
taken to make the sowings as uniform as possible in the different — 
sections. 

RESULTS. 

The results from these experiments were recorded in the form of 
comparative germination counts taken two weeks after planting, and 
notes made at intervals on the damping-off and nematode infection 
and on the size and vigor of the plants. All the plants were allowed to 
grow for about seven weeks, and the experiment was then terminated. 
All the plants were removed from the pots and benches, and the soil 
was washed carefully from the roots, especial care being taken to 
preserve the entire root systems intact. The plants were then 
examined for nematode galls or injuries due to the attacks of soil 
fungi, records being made of the number and severity of each. Iso- 
lations were made to determine the organism responsible for the 
damping-off and root discolorations found. Pythiwm debaryanum 
was found to be the cause of damping-off, while Rhizoctonia species 
caused stem lesions and root discolorations, All data obtained 
were supported by photographs taken at various stages during the 
progress of the experiment to illustrate the important results noted. 
The details of the results are given in Tables I and II. 
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Taste 1.—Soil-disinfection tests with tomato plants grown in 4-inch and 8-inch pots, 
with hot-water treatment, in February and March, 1918. 


[All the pots were filled with nematode-infested soil thoroughly mixed by sifting, soil A being without the 
addition of diseased tomato roots and soil B having such addition.] 


Number 
of living | Results observed on Mar. 7 (end of experiment).! 
plants. 
og 
Nematode infestation of roots.) S | Plant notes. 
Size of pots, kind of soil used, and Be 
treatment of soil-filled pots. g 
Percentage.|"2 5 
a te . 
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7, 2 =| 3} 3S Sys 5 A 
A els 5 E 3 a z Ee EE es). | Or. 
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| ee sae eee 
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Immersed in boiling water— | 
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1| 43) 44); 0} O/| 0} O 0 
YELLIN COSe ete). eaischesce sso 2) 37} 37) 0) 0} 0} O} Oj} 0 | Wh) 5to7.} Hg. 
3 | 36) 36) 07} O} 0) O 0 
1 Galea OnleiOulh .OnincO 0 3 
ROMMINUTOS 49s = a5 fse3jsete as 2} 30) 29; 0} O| 0} O 0\-0 | Wh|..do..| Hg. 
32) Simleo! || 0) 10! Ol, 0 0 
Check (immersed in cold water)... -- { 5 BE z g 2 Z 4 He \s3 Db Be... Sg. 
Four-inch pots, soil B: - 
Immersed in boiling water— 
1) (Seniesa On, On On (0 0 Md. 
ORIMINeS acer /adye% hijack 256-2 2} 25| 26) 0; 0} O|] 0 0)-0 Wh'}}5 to6.| Hg. 
3| 33] 384) 0) 0} O} 0 0 Wh 
LD 64 eGor|) Or Or Or! @ 0 
PVMINULOS| 7s. S25. <2 2se pet we REE 2) AON Ada 10° 50) Or 0 0|-0 Wh| 5to7.| Hg. 
3 45} 52) 0) 0] 0} O 0 
i keep ech egt id wa Lu Gat fo) 
LOMMINWteS =. 4--eyes sep OTs oe 2} 22} 20} 0} O| O| O| O}F 0 | Wh)..do...| Hg. 
3 | 42°) 42>) 0} 0] OF} 0 0 : 
Eight-inch pots, soil A: 
Boiling water poured into pots— 
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Eight-inch pots, soil B: 
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1 Abbreviations used: Db=Discolored, badly diseased; Dhg=Dark, healthy green; Hg= Healthy 
green, Md= Many discolored; Nad= Nearly all discolored; Sd=Slight discoloration; Sg=Sickly green; 
= White, healthy; Yg= Yellow green. 
2 Two weeks after planting. 
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DISCUSSION OF RESULTS. 


From a study of the data presented in Table I, relative to the two 
sets of 4-inch pot treatments, the results are here summarized. 

1. As a result of submersion of the soil in boiling water for 24, 5, 
and 10 minutes, no infection by root-knot nematodes, Pythium, or 
Rhizoctonia occurred in either set of pots except in one pot which 
showed a small amount of Rhizoctonia root discoloration. As this 
minor infection occurred in one of the pots to which diseased roots 
were added and which received the 24-minute submersion, it is quite 
probable this was due to insufficient treatment. The plants in the 
check pots showed 83 per cent affected by nematodes and 100 per 
cent severely diseased by the fungous parasites. A comparison of 
the typical appearance of roots from treated pots and those from 
untreated check pots is shown in Plate I, figure 1. 

2. Normal germination occurred in all treated pots, an average 
of 42 plants per pot, while in the untreated pots the stand was re- 
duced by the soil organisms to an average of 12 plants per pot. 

3. All treatments prevented damping-off in both sets of pots, as 
was shown by the final examination, while in the untreated check 
pots half of the seedlings died after the first germination count made 
two weeks subsequent to planting. (PI. I, fig. 2.) 

4, Throughout the experiment the plants in the check pots showed | 
pronounced yellowing and stunting, reaching an average height of 
only 3 inches at the time of the final examination, as compared to 
an average height of 5 to 7 inches for the plants in treated soil, all of 
which were vigorous and of a healthy green color. 

Certain facts evident from a study of that part of the data in Table 
I pertaining to the two sets of 8-inch pot experiments are here pre- 
sented. 

1. The 18 treated pots showed an average of 74 seedlings per pot 
two weeks after planting, as compared with an average of 22 for the 
two check pots, a reduction of 70 per cent in the stand. The typical 
appearance of treated and untreated pots at this time is shown in 
Plate II, figure 1. 

2. A slight amount of damping-off occurred in two of the six pots 
receiving the 1,000 c. c. treatment, while none was noted in the 12 
pots which received the larger amounts of boilmg water. In the 
check pots, however, almost 60 per cent of the seedlings damped-off 
between the first germination count and the final notes. 

3. The plants in the check pots remained markedly stunted 
throughout the experiment, attaining a final average height of only 
2 inches, and were considerably yellowed and unhealthy in appear- 
ance. The plants grown in pots receiving 1,000 c. c. of boiling water 
reached a final height of 3 to 4 inches and were slightly yellow in 
color. The plants in all pots receiving the larger treatments grew 
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to 4 to 5 inches in height, and all were vigorous and healthy in ap- 
pearance. Differences existing at the end of the experiment in 
number, size, and general appearance of the plants in pots receiving 
the different treatments are shown in Plate II, figure 2. Compare 
with Plate IT, figure 1, which shows some of the same pots at a very 
early stage in the experiment. 

4. The application of 3,000 c¢. c. of boiling water per 8-inch pot 
(180 cubic inches of soil) gave complete control of both nematodes 
and soil fungi in both sets of pots. Applications of 1,000 c. c. and 
2,000 c. c. gave partial control of the pathogenes. An average of 
20 and 13 per cent, respectively, of the plants in these pots showed 
mild nematode infection, as compared with 83 per cent of nematode 
infection in the check pots, most of which was severe. In two of 
the six pots receiving the 2,000 c. ¢. treatment no Rhizoctonia infec- 
tion occurred, while plants in the remaining pots showed slight root 
discolorations. Nearly all plants, however, which received the 1,000 
ce. c. treatment showed root discolorations. The roots of the plants 
in the untreated check pots were badly discolored, many being 
entirely destroyed by the fungous parasites. A comparison of the 
appearance of the roots from plants grown in treated and untreated 
soil is shown in Plate ITI. 


Tasie I1.—Soil-disinfection tests with tomato and_ lettuce plants grown in shallow 
bench sections, with hot-water treatment, in February and March, 1918. 


[The bench sections were 5 to 6 inches deep and filled with nematode and fungus-infested soil thoroughly 
mixed by sifting.] 


Deatenion of boil- 


ing cn (at Results observed on Mar. 8, 1918 (end of experiment), 
Ea 
- i Ye) = c an E 
Kind of plants Z Ses s ornate ee alee tes zoctonia | Plant notes. 
and bench cS im 2 : infection 
section No. 3 : Ean eu of roots. 
a B a g is) 
g a Fo) | COn | n ies is A 
5 Be) SiS es %/° | & 
3 2 bm ml 5p a S =a) Ss 
= S & g {8/58 .|a|Se| 8 | 41 Colort 
2 Ze ANS (0) Pama re |edit ol ei acta Sd (SPS DES as : 
g So |21 sis1s(Bl/Slalsisi5*| s/s 
a a a =< JAJA lalalalel|alg a | 
Tomato: Inches. C.c. C.c. | No. In. 
1 26 by 18...} 8,500 1 750 3 | 108 0 0 | 43 | 43 | 40 66 61 | 6 Hg. 
-| 26 by 16...| 13,500 | 2] 1,000] 0} 94] 0} 0/28] 28/30] oO} 0O|6 | Hg. 
3 24 by 18...| 17,000 | 21,500} 0} 204) 0} 44] 10) 14 7 3 14/7 Hg. 
A cheeks 2an 24 by lGs. 2 2egs22 28 | -c)leeeose. 15 75 | 15 | 21} 18 | 54] 72 75 | 100} 4 Sy.8 
Lettuce: 
RUSE 26 by 18...| 8,500} 1 750 | 65 | 178] O| 28 | 43 | 71} 40 | 178 | 100 | 24] Y. 
GLIA oe cee 26 by 16...) 18,500 | 2) 1,000} 5) 197) 0} Oj 21] 21; 11] 32) 16)3 Hg. 
C ee aeaas 24 by 18...| 17,000 2 | 1,500 0 | 210 0 0 2 2 1 0 0; 5 Hg. 
4 check?. + Pay 1G... cee ee 25| 32| 6|12| 2| 20] 64} 32] 100| 2 | Sg4 
| | 


1 Abbreviations used: Hg=Healthy green, Sg=Sickly green, Sy=Stunted yellow. 
2 Saturated with cold water. 3% Poorstand. 4 Stand 25 per cent. 


From the details of the bench experiments, which are given in 
Table II, the results are here briefly stated.’ 
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1. Damping-off of both lettuce and tomato seedlings on February 
5 was quite prevalent in the check and in the section receiving 8,500 
c. c. of boiling water, while it was found only to a slight extent in 
the 13,500 c. c. treated section and not at all in the 17,000 «. c. 
treatment. — 

2. The average percentages of netamode infection occurring on 
lettuce and tomato plants grown in treated sections Nos. 1 to 3 and 
check section No. 4 were as follows: 40, 20, 4, and 68. For Rhizoc- 
tonia they were 80, 8, 7, and 100. These figures indicate control 
of the pathogenes in proportion to the amount of the hot-water 
applications. A comparison of healthy plants from the 17,000 c. c. 
section with typical nematode and Rhizoctonia diseased plants, from 
the check section is shown in Plate IV, figure 1. 

3. In the case of both test crops, while the plants in the untreated 
section, No. 4, were dwarfed and yellowed, in the treated sections 
they were of larger size and greater vigor the larger the amount of hot 
water applied. The stand in the check sections was greatly reduced. 
These points are clearly brought out in Plate III, figure 2. 


EXPERIMENT SERIES II. 


In studying the results secured from the preliminary experiments 
already presented, additional data were desired. to answer certain 
questions which arose, viz: How much of the vigor and increased © 
growth of the plants in treated soil was due to the physical and chem- 
ical effects of the heating on the soil, and how much to the absence of 
plant pathogenes? What temperatures were secured in the soil by 
the various treatments given and for what lengths of time were they 
maintained ? 

To answer these questions and also to make our pees the more 
conclusive, on May 3 the entire series of experiments was repeated 
with more checks and with such changes and additions as would give 
the desired information. 


METHOD OF PROCEDURE. 
SOIL. 


Two lots of soil were used in the 4 and 8 inch pot experiments, viz, 
infested soil and presumably uninfested greenhouse soil. The in- 
fested soil used was the nematode and fungus infested soil from the 
previous bench experiment with the addition of infested soil from the 
tomato bed used as a stock culture for nematodes. This was thor- 
oughly mixed and sifted and was further infected with nematodes by 
mixing with the soil in the pots badly nematode-diseased tomato 
roots cut into small pieces. The greenhouse soil was from a fresh 
mixture not yet used in greenhouse work and presumably free from 
the parasites under consideration. 
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Fic. |1.—TOMATO PLANTS FROM TREATED AND UNTREATED 4-INCH POTS OF EXPERI- 
MENT SERIES I. 


B, Uninfected healthy roots grown in nematode and fungous infested soil submerged for 24 minutes in 
boiling water (98° C.) (natural size); A and C, plants with nematode root and stem galls and Rhizoc- 
tonia root discolorations grown in untreated infested soilin check pots. (Enlarged three times.) 


Fic. 2.—FourR-!NCH Pots OF EXPERIMENT SERIES | TWO WEEKS AFTER PLANTING. 


Note the full stand and vigorous appearance of the tomato seedlings in pots A, B, and Csubmerged for 
23, 5, and 10 minutes, respectively, in boiling water, compared with the very poor stand, smallersize, 
and damping-off of plants in the untreated check pot D. 


PLATE II 


of Agriculture. 
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Fia. 1—RooTs AND STEMS OF TOMATO PLANTS TAKEN FROM 8-INCH POTS OF 
TREATED AND UNTREATED INFESTED SOIL, SHOWN IN PLATE II, FIGURES I AND 2. 


A, Large disease-free rootsystems of plants grown in a pottreated with 3,000c.c. of boiling water (98° C.) 
(natural Sree B, smaller root systems of plants grown in a pot receiving 1,000 c. c. of boilng water 
(natural size). Note occasional nematode galls on lower part of roots and a small number of dark 
Rhizoctonia root lesions. C, Roots and stem of plant from check pot (enlarged 2itimes). Note large 
galls on stem and old part of root system and small galls on younger, newly formed rootsystem. lt 
should also be noted that the lower part of the taproot and practically all of the secondary roots have 


been destroyed by the pathogenes. 


FiG. 2.—BENCH SECTIONS No. 3 (LEFT) TREATED WITH 17,000 c. c. (8.6 GALLONS) 
PER CUBIC FOOT OF SOIL OF BOILING WATER (98° C.) AND No. 4 (RIGHT) UN- 
TREATED CHECK, EXPERIMENT SERIES I. 


Note the differences as to number, size, and vigor of plantsin the twosections. Pronounced differences 
in the root systems of the lettuce plants taken from these sections are shown in Plate IV, figure 1. 
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Fic. 1.-LETTUCE PLANTS FROM BENCH SECTIONS Nos. 3 AND 4, SHOWN IN 
PLATE II], FIGURE 2. 
Note (A) the white, healthy, vigorous root systems from plants grown in treated section No. 3, as 


compared with (B, C,and D) the nematode infe4ted and blackened, Rhizoctonia-diseased roots 
from untreated section No. 4. 


Fic. 2.—TOMATO PLANTS GROWN IN 4-INCH POTS OF (A,) TREATED AND UNTREATED 
INFESTED SOIL AS COMPARED WITH (B,) TREATED AND UNTREATED FRESH GREEN- 
HOUSE SOIL, EXPERIMENT SERIES II. 


Note the pronounced differences in size, vigor, and number of plants between the front check pot 
and the back treated pot. For details of results, see the text. 
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’ Fic. |.-LETTUCE AND TOMATO PLANTS FROM 8-INCH POTS OF TREATED AND 
UNTREATED INFESTED SOIL FROM EXPERIMENT SERIES II. 

B, Disease-free root systems of tomato plants grown in pot receiving 3,000 c. c. of boiling water (98° C.), 

for comparison with A, lettuce plants, and C and D, tomato plants, grown incheck pots. Note on the 


check plants the abundant nematode galls on the roots and stems and the numerous black Rhizoc- 
tonia lesions. 


Fig. 2.—TREATED AND UNTREATED 8-INCH PoTs OF (A), FRESH GREENHOUSE AND 
(B), INFESTED SOIL CONTAINING LETTUCE AND TOMATO PLANTS, PHOTOGRAPHED 
AT THE END OF EXPERIMENT SERIES II. 


In the foreground note the smaller size and number of the plants in the check pots as compared with the 
ae stand and larger size of the plants in the pots in the background treated with 3,000c. c. of boiling 
water. 
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The object of using fresh greenhouse soil was to determine, if pos- 
sible, how much of the increased growth in plants in treated soil was 
due to the absence of the pathogenes and how much to the chemical 
or physical effects of the boiling water applied. 

For the bench experiment, soil from the previous bench experi- 
ment was used, with which was mixed a quantity of soil from the 
eelworm-infested tomato bench. 


TREATMENT OF THE SOIL. 


Four-inch pots.—Twelve 4-inch pots were filled with infested soil 
and treated as follows: Three check pots were immersed in cold 
water and three each immersed in boiling water at 98° C. for 23, 5, 
and 10 minutes, respectively. They were allowed to dry for four 
days and were then sown to Stone tomatoes. 

This experiment was duplicated, using greenhouse soil presumably 
uninfested and three additional check pots. 

Hight-inch pots—Twelve 8-inch pots were filled with infested soil 
and treated as follows: Three were thoroughly soaked with cold 
water and used as checks and three each were treated by the applica- 
tion of 2,000, 3,000, and 4,000 ¢. c. of boiling water, respectively. 
All were allowed to dry for four days, and were then sown to Stone 
tomatoes and Big Boston lettuce, one-half of each pot to each crop. 

The experiment was duplicated with greenhouse soil supposedly 
uninfested, six checks being used instead of three. 

Certain of these pots were used to determine the temperatures 
observed in the soil, the time required to raise the soil to the different 
temperatures, and the length of time the heat was maintained, the 
results of which are given in Table VI. 

Greenhouse bench.—The bench experiment was an exact repetition 
of that of Experiment Series I, except as to the quantities of boiling 
water applied, which in this case were 11,250, 22,500, and 33,750 c. c., 
respectively, for sections 1, 2, and 3. These quantities were com- 
puted as approximately equivalent to 1,000, 2,000, and 3,000 ec. c. 
per 8-inch pot of soil. 

In section 3 a record of soil temperatures obtained during the 
_ treatment was kept, as in the case of the 8-inch pots. Two ther- 
mometers were inserted in the soil in different parts of the bench sec- 
tion to a depth of 3 to 4 inches and the temperatures recorded. 


RESULTS. 


The details of the results secured from this series of experiments 
are given in Tables III to VI in the form of germination counts, 
notes on disease occurrence and on the vigor and size of plants, and 
temperature records. The experiment was terminated on June 12, 
and notes on root infections were made as in Experiment Series I. 
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Photographs were taken to illustrate the more important results 
secured. 


TaBLE III.—Soil-disinfection tests with tomato plants grown in 4-inch pots, with hot 
water treatment, in May and June, 1918. 


[Two kinds of soil were used: Soil A was nematode and fungus infested; B was uninoculated fresh green- 
house soil.} 


Results observed on June 12 (end of experiment). 
Num- 
ber of Rhizoe- 
plants. | Nematode infestation | toniain-| Notes on disease, size, and vigor of 
i of roots. fection of plants. 
Kind of soil and roots. 
treatment of 
soil-filled pots. BE, 
° 
oS & 15 & Wi 
: 2 a a ith | Damped-| Height |, 
s|/el8|¢ g .| BH foal | stem hee Gacne) VASO 
4\/S\5 1/3 et Ning |e 1) 8 qs 2 galls. 
SIEVE (BS le ls | see = 
SlO;/Oljnisalal/ael/a a |e 
Soil A: 
Immersed in 
boiling 
water— : ; 
1/40; 41) O}] O| O| O 0} 0 0| None....| None....| 4 to 54... 
24 minutes |4 2 | 37 | 37| 0} O| O|} O 0; 0 0 |...do..... 2 Wad oLbiey §. dors3- AV. 
3| 46]; 48) OO} O Oy © 0; 0 On Readoeeres seve es GOs cece 
1| 47/47) O} 0} OO} O 0; 0 Ope eadoreee TEGO soeee EGOS ge 
5 minutes.|4 2 | 38} 38; 0} O|] OO} O oO} 0 ON Pee dor: eedoyeees eid ovees HAV. 
3] 46/46] O| O|} O|] 0 @|} © OF Peadoteens BACK RaE Se = G0ssee" 
1} 48) 49] OO; O} O|.0 Oo; 0 @ 62004652 Ped Oss eos seeclopsess 
10 minutes |{ 2/51 |-49)/ 0} O| O|} O 0} 0 OPP ed owes a donee = Fe Ot oy. HV. 
3| 55/55] Of; O} 0} 0 0} 0 0 |.--do..... ae Ose vee peGOneee- 
Check (im- |{ 1 | 37 | 33 | 23} 41} 6] 33] 100] 30} 91 | Several..) Some. IF to 20. 
mersed in |{ 2} 38| 33) 17| 10] 61] 33] 100} 33 | 100 |...do..... An mi... peal hes SY. 
cold water). |{ 3 | 25/10) 14] @O] 11] 15] 100} 15 | 100) 0........ Dee aeons i Pane 
Soil B- 
Immersed in 
boiling 
water— 
; J 1/51} 49} 0} O} O} O 0; 0 0; None....) None....| 4 to 53... 
24: minutes |¢ 2| 70/70) 0) 0] 0] O 0; 0 O; | ee dole End Ose se4 J-GORL68 Hy. 
SRE Aceh) OIA ON) ally 0) oO! pacelans yiGapaae EA RUIN 
Lh Op Oy Oh @ Oe AN Sed Osueee sacle soe Ato 54... 
5 minutes.|+ 2| 55|57/ 0} 0} O|] O (0 en) Onze scone Bele a5 = Ydoss sn: HAV. 
See ON Ol Wa Oo 0} 0 OM PeEdosesee 2) COSeees ead Ooms: 
Was VEO Ol Cie O iO O02 Aen Ouecee AOS oe eGOr eee 
10 minutes 2| 38) 38} 0} O| O| 0 0; 1 Bt oeeClOeae Ssdonas Pad oo. HV. 
3| 50} 50} 0} O| O| O @ |) i aie On cece Pd Otsee- Bod Ore ee 
1 | 47|40/] 0} 0 6 g 15 | 35 SHE Wale eee De usysiens Died ahve 
: BN PP PN OO) Ze BO BF We @e eos O28 S382 2s Bein 
CPG Be Gur inte 301) (Ono) aso) 23) eT) ome Olt ata Diener, 6 
cold water) 4A} 20} 21 0 0} 11) 11 SQMEGE ON P Os naan aes OME ee 14 to 2... 
¥ 5 | 23 | 24) 0 0 | 12} 12 50 | 10 7. Ca eae a Aes ia iseers Fei ares 
ai OA ON als a Gill) 8 is) | 5855-452 Diaeyg uae Oe eas 


1 Abbreviations used: HV= Healthy and vigorous; SY=Stunted and yellow. 
2 Much smaller than in treated soil. 


DISCUSSION OF RESULTS. 


A close study of Table III reveals a striking confirmation of the 
results secured in the 4-inch pot treatments of Experiment Series I. 
All treatments completely eliminated nematode infection and damp- 
ing-off, almost eliminated Rhizoctonia, greatly increased the percent- 
age of germination, and markedly stimulated the growth of the 
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tomato plants. Again, the check plants in infested soil showed 
severe nematode and fungous infection and were much dwarfed and 
yellowed. (See PI. IV, fig. 2.) Some of the plants grown in untreated 
greenhouse soil, supposedly uninfested, showed mild nematode 
infestation, while more than half were attacked by Rhizoctonia. 

Because of the partial infestation of the greenhouse soil, it was 
not possible to determine how much of the increased plant growth 
in the soil treated with boiling water was due to the killing of the 
pathogenes and how much resulted from the stimulating effect of 
the heating. 

A scrutiny of the results of the 8-inch pot treatments given in 
Table IV shows a verification of those secured in Experiment Series I; 
viz, a marked reduction of the diseases in the 2,000 c. c. treatments 
and their elimination in the pots which received 3,000 ec. c. of boiling 
water (Pl. V, fig. 1), and a considerable increase in the number, size, 
and vigor of plants in treated pots above that shown in the check 
pots (Pl. V, fig. 2). As might be expected, the added 4,000 c. c. 
treatment gave similar results. 

Again, on account of the nematodes and Rhizoctonia in the fresh 
ereenhouse soil, no conclusive results were obtained regarding the 
degree of growth stimulation which might be caused by the heating 
alone. It may be noted that in general the percentage of germina- 
tion and the plant growth were larger in the fresh greenhouse soil 
than in the old infested soil (Pl. V, fig. 2). 

The results from the repeated bench experiment, as given in Table 
V, show only data from tomatoes, since the lettuce was destroyed 
by mice shortly after the experiment was started. Here, again, sub- 
stantial confirmation of the results of Experiment Series I was 
secured. Asin Experiment Series I, the treatment approximately 
equivalent to 1,000 c. c¢. per 8-inch pot reduced the amount of disease. 
In the 2,000 ec. c. treatment of Experiment Series II only 11 per cent 
of the plants showed mild root-knot infection, as compared with 96 
per cent of more severe root-knot in the check, while the 3,000 c. c. 
application practically eliminated the trouble. 

A study of Table VI, which gives the soil temperature records, 
shows that in 8-inch pots treated with 3,000 and 4,000 c. c. of boiling 
water and in the bench section treated at the rate of 7 gallons per 
cubic foot of soil, all of which treatments killed the pathogenes, a 
relatively short time was required to raise the soil temperature to 
the maximum in each treatment and that the soil retained the 
heat for a strikingly long period. In all cases the temperature was 
maintained above 60° C. for more than 30 minutes and above 55° 
C. for 48 to 65 minutes, both temperatures being well above the 
thermal death point of the root-knot nematode, as determined by 
the first writer, and presumably above that of the fungi in question. 
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TaBLe IV.—Soil disinfection tesis with tomato and lettuce plants grown in 8-inch pots, 
with hot-water treatment, in May and June, 1918. 


{Two kinds of soil were used: Soil A was nematode a infested; B was uninoculated fresh green- 
ouse soil. 


Number} Root infection on June 12 
of plants (end of experiment). Plant notes, May 28. 
Kind of plants, soil used, and treatment ; Nematode. eee 
of soil-filled pots. 2 a e 
FOUN SUN ; A Pa a Height | Disease. 
SS) hayes g a. (33! 8 (inches). 
4\4 Ble | 3/Solasi es 
ele) 2S enee Bales 
ee aes 
B)/OFOlalSle Ie jag) a 
| 
Tomato plants: 
Soil A— ‘ 
Boiling water poured into pots— | 
4 DN BAAS WO) |) eh 28} 1 5 4 to 44 
PEOO0C! Gosek Pia Res. poe PAR OP ON 2 | BON exe 0 4 to 44 |>None.! 
3| 64/65] 0] 0} 85] 54] 8 4 44 
1/65/64] 0} oj O 0| 0 0 4 to 44 
S000 Cs Case sees ees seer 2/70) 66} 0} 0} O 0; 0 0 44 Do. 
3/85] 71} 0] O| 0 0; 0 One 44 
ZO a OW © Oy OF Oi) @ 33 
4.000 (Cs C2 eee (se 2/561 57}] O} oO} 0 One 1 2 34 Do.} 
3] 49} 45] 0] 0} 0 0; 0 0 4 
} 1 | 72| 40] 16] 7] 17} 100] 40] 100 2to 3 | (?) (3) 
Check (soaked with cold water)./! 2 | 50| 22|17) 3] 1] 95]20] 90 | 14to2 | (4) @) 
3157) 42 26) 10! 4] 95] 40} 95 2 to 23 | (2) (3) 
Soil B— 
Boiling water poured into pots— 
1| 87) 48; 0] 0| O 0; 0 0 44 to 5 
2,000 C.i@se 2 Fasten ae see et 2/56) 54] 0} O| O 0; 1 2 4 |}None.! 
3/60/52} 0} 0} 0 Wu 2 34 
1} 60] 68} 0} o| 90 0; 0 0 5 to 54 
HOO Gs Oooes cessbboncokeocedh 2) ED) 73 OO} Oh Of Ol a 6 to 64 |$ Do.t 
: 3] 63/61}; 0} O| O 0; 0 0 4 to 44 
1/5771 52/ of o| 0} O| 1] 2 | 43 to5 
4) 000:CHCeeee sae eee Ry Ape raace 2) 48/48} 0] 0} 0 0; 0 0 5 * Dot 
3 GE SUN ON Oy 0; 0 0 6 
1} 49} 30] O} 0} 2] 7/20| 66 13 | (8) (7) 
2 | 32) 31 f 0 ue a3 a 87 : ie o a 
Ie le A 3 | 40 | 38 0 42 (0) 
Check (soaked with cold water).\) 45192114] 7{ 1/1001 22| 100 4 | (7) (8) 
5| 43 | 44| 0] 0| 22] 50| 15] 34 4) (@) (8) 
6| 42] 47] 0] 0/17] 36) 4; 9 A | Oy @&) 
Lettuce plants: 
Soil A— 
Boiling water poured into pots— 
1|77| 60} O| 1; 13) 23; 0 0 3 to 34 
2 OOO;ENG za Me seus rane aes DNB ae Oy OW ey ys ms ow) 0 3 to 4 |-None 
3 | 50} 31 0} O| 2 6/ 3] 10 3 
1/45/47} 0} O| O 0; 0 0 3 to 34 
BH UIUO) CEOS Bee eyes A asad hs 2166/52] 0} O} O OF AO 0 3 to 34 Do. 
3 | 64; 52] 0| 0; O 0| 0 0 os : 
1; 40} 48) 0} O| O 0; 0 0 24 to 3 
OOO Ci Cicero Lee de eepe 2/43/38] 0] 0} 0 Oo; 1 2.5 | 24 to 3 Do. 
} iLae | BOI 1 Oi) © 0; 0 0 3 
; } L445) S| LST Ole LOO R STON a ig 251) 
Check (soaked with cold water) - BO) 22 WO Wo | il peae@ jp 4 1 to 13 \ a0) 
iL 3 | 43 | 26] 21] 4] 0] 95] 12) 46 2 
Soil B— 
Boiling water poured into pots— 
eh Sa OW Oy @ OF awe 3 of 
2 000%. Cs. Sa RNAI cy | Paine | Ba Od On O Oy) 3 9 38 |-None 
i 3] 55] 46] 0; 0] O 0; 0 0 3 
1/63] 51] 0; 0; O 0; O 0 34 
SH (OLOYO) Conse Mean ait Seal Ae a 2) 66) 62) 0} 0} O 0/| 0 0 4 to 44 Do. 
3.| 49} 47) 0} OO} O 0; 0 0 3 
1} 40} 48) 0} O| O 0; 0 0 34 
A000 CXC ya eee 2S SSA Ou OulinO 0/| 0 0 34 to 4 Do. 
3 | 59} 34] 0; O} O 0/ 0 0 4 
1) 45) 44) 0} O|} 8] 18, 5] 11 2 
2} 32] 23) 0} 0 2 iD aA ny 3 
F 3] 30] 380] 0] O 
Check (soaked with cold water). 4133123120! 3! 011001 5| 22 3k Do. 
SP UG | Ma OO 7| 54 4) 31 2 
6/47/31) 01 0) 7) 22 10) |) 14 
1 Plants vigorous. 3 Nematode stem galls, many. 5 Nematode stem galls, few. 
3 Damped-ofl, few. 4Damped-off, many. 6 Damped-off, 
7 Nematode stem galls, none. 9 Several plants damped-off and some with stem galls. 


8 Damped-off, none. 10 No damping-off, but several plants with stem galls. 


SOIL DISINFECTION WITH HOT WATER. 13 


TaBLE V.—Soil-disinfection tests with tomato plants grown in shallow bench sections, 
with hot-water treatment, in May and June, 1918. 


[The bench sections were filled with nematode and fungus infested soil thoroughly mixed by sifting.] 


Application of boil- Plant notes, 


ing water (at 98° C.). Root infection on June 13 (end of experiment). May 28, 
e 
Bench E | ob a Nematode. Rhizoctonia. 
section. 3 s | bys a} 
No. a 33] Ae q : 
28| en | B # |54/4 Vi 
a \esiee|=/e(8|.] 4 leel2elae4a] 
3 Aa | & 5 3 @ | th i} te! S$ |}/esh|/ss| oh] B 
i) 5 rey i) i ® = i) Ba |/5a] 5a 3 
ee par |< ela/s |S )/a |e lag] a ss 
Gic: C.c. In. 
eee ae 11, 250 1 937 107 0 8 70 78 73 0 0 5 | Healthy 
BR Sixers 22, 500 1} 1,875 66 0 0 7 7 11 2 3 4 Do. 
Syke eat 33, 750 2 OD | RG 0 0 3 3 2 2 2), 425) en Do! 
MCC ee eae eee ee 102 BT CR GET eG e GY 2 2 4 (2) 
1 Saturated with cold water. 2 One plant damped off. 


Taste VI.—Record of temperatures in hot-water disinfection tests of soil in 8-inch 
pots and bench sections. 


[Treatments were with boiling water (at 98° C.). Twoseries of time observations (in minutes) were made, 
as follows: Series A, time required to reach the temperature indicated; series B, time during which soil 
temperatures remained above the points indicated. Temperatures were ascertained byinserting stand- 
ard Pe OHAeLERS to a depth of 3 to 4 inches in the center of the pots and at two points in the bench 
section (No. 3).]} 


so : 4 ¢ Temperatures (° C.). 
Observation Lf S oF 
data. oo |S |B 
S.4 {S) ge 50 | 55 | 60 | 641 66 | 70 | 72} 75 | 76) 77) 78 | 79 | 80 | 81 | 82) 83 
Be | & ie 
Time, series A: THD 2s sl Reyes | ep Ee (es [Yaanl eRe | | ae) a0) Ae) FN tel | eee ne 
3, 000 AN aa ell cence fo Dee fess eel areal |G fees [ahr Ustliadesiecas ae 9 }10 {10.5}. ae 
. BY Sale Steel | en eu ee Ne Lay oi Patel (43 Grol BS -| 8 9 
STENTS UO pe sine Wel Dem | De Da AG ae) 
= “ ~ |e snl ere ee} rae | & Meso) Tea & oe 9 9.5)10 |12. 5). 
ench sec- Ney aes Bees esc aso ars RAS ene eal ee we 
tion!...... \33, 750] ...} 2| 7.5] 8.5] 9.5/13 |-...|..-- BSL see mali : 
Time, series B: DS 3 see | ae 33 19 | 9 5]. - Sealees z 
3, 000 VARICES | bh 2 Ei) Sees 28 -/19 13 9.5 E ee ao 
. 3 57 33 1123 |L6. 5 11 aS Bee 
Beet SN agai 65.5 40 |_...|27.5|22 14 ile 3A) Glow 
q DA esl OE Anolon cles Mc oe ay SAO) ME ese eee tt te} SRO Peta oe 
Bench sec- 33.750 OZ Ge oalas: 4c eels BREET OVA ANE Sree cece |e ST ees Ne eee een Pe te | 
OMS Sse... ? ae a PAR hy ssl Behe leamc|lamoollsces aes cies at ieeaal PRI ay Pata US Ue LS) See a Ae | Se | 


a The application of hot water to the bench section (No. 3) was at the rate of 3,000 c. c. per 8-inch pot of 
soil. 


SUMMARY. 


1. The root-knot nematode (Heterodera radicicola), Rhizoctonia 
species, and Pythiwm debaryanum can be eliminated from soil in 
4-inch pots by submersion for 5 minutes in water at 98° C. (208° F.). 

2. These organisms can also be killed in 8-inch pots by the appli- 
cation of 3,000 ¢. c. of water heated to 98° C. (208° F.). This treat- 
ment is the equivalent of an application of about 7 gallons per cubic 
foot of soil. 

3. These pathogenes are almost entirely destroyed in 8-inch pots 
by treatment with 2,000 c. c. of boilmg water (5 gallons per cubic 
foot). 
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4, In shallow benches an application of boiling water at the rate 
of 7 gallons per cubic foot of soil resulted in the practical elimination 
of the parasites. 

5. For use in treating seed boxes this method will find an imme- 
diate and practical application, particularly in connection with the 
boys’ and girls’ garden-club work. The size of the box or flat com- 
monly used is 14 by 30 by 3 inches, and to treat this 44 gallons of 
boilmg water is necessary. 

6. As a further result of these treatments there was in all cases a 
marked increase in the percentage of germination and in the size 
and vigor of the plants grown in the treated soil as compared with 
the checks. _ 

7. The treatments which were effective in killing the pathogenes 
maintained the temperature of the soil above 55° C. for 30 to 60 
minutes, as indicated by a thermometer inserted 3 to 4 inches below 
the surface of the soil. 
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PURPOSE OF INVESTIGATION. 


At certain periods during the last few years the oyster growers of 
New England have had difficulty in shipping oysters for long dis- 
tances without the development of a pink color in the liquor or on 
the oyster itself. Analyses of shipments showing this color have 
demonstrated the cause. The organism producing the pink pigment 
is a yeast-like fungus which grows readily at low temperature, and 
produces pigment bright enough to be noticed only when the ship- 
ment has been in transit three or four days. Oysters which appear 
to be in good condition when shipped are often found to be pink 
when they reach their destination. 


e 

1The major portion of this investigation was carried on at Brown University, Provi- 
dence, R. I., under the supervision of Prof. F. P. Gorham, and was submitted to ithe 
faculty of that institution in partial fulfillment of the requirements for the degree of 
doctor of philosophy. During the early part of the investigation valuable assistance was 
given the writer by Charles W. Parmelee. The work was completed and the report re- 
vised in the Microbiological Laboratory of the Bureau of Chemistry. Valuable criticisms 
and suggestions have been offered by Dr. Charles Thom of that laboratory. 
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The investigation here reported was undertaken to determine the 
distribution of this “ pink yeast,” and to find a suitable method of 
controlling or preventing its development. Later, the work was ex- 
tended to cover a more detailed study of the organism itself, includ- 
ing its morphology, physiology, and biochemistry. 

While much concerning the pink yeast and its relation to the oyster 
industry remains to be studied, the data given in this bulletin may 
help to a better understanding of the cause of the color, the distribu- 
tion of the organism, its control, and some of its physical and chemi- 
cal properties. 

HISTORICAL REVIEW. 


The true yeasts, Saccharomycetes, and the pseudo yeasts, or Tor- 
ulacee, are widely distributed, and have been isolated from many 
sources. L. van der Hulle and H. van Laer (1890) isolated a pink 
yeast from Belgian beer. M. Ward (1892) studied a pink yeast 
which was an alien organism in ginger beer yeast. Kramer (1891) 
obtained a pink yeast-like form from must fermentation, while V. 
Peglion (1895) and E. Kayser (1890) also studied pink yeasts 
from must fermentation. R. Demme (1890) studied and described 
a pink form from milk and cheese, and pink yeasts from milk and 
butter have also been described by Krueger (1892) and R. Rein- 
mann (1900). B. Fischer and K. Brebeck (1894) describe pink - 
yeasts from the stomach of a patient suffering from gastric fermen- 
tation, also a pink yeast from samples of sea water south of the 
Azore Islands. 

The opinion that Torulacee are merely stages in the develop- 
ment of other fungi has been expressed by many workers, notably 
by Hansen (1898). E. Klein and N. Gordan (1912) claim that a cer- 
tain pink yeast originates in a rust infecting the Canada thistle, Puc- 
cinia suaveolens. On the other hand, R. Meissner (1899) has shown 
differences between the budding Torula forms and the budding cells 
of the fungus causing peach leaf curl, H’voascus deformans. It is 
claimed by Laurent (1889) that the budding spores of Cladosporium 
herbarium become pink yeasts. The earliest attempt to study 
these pink or red yeasts was made by F.. A. Janssens and A. Mer- 
tens (1903) with an organism described as a “red Torula.” Such 
forms, which have been known for a long time, were first described 
by Fresenius (1850) as @ryptococcus glutinis. Later Schroter and 
Cohn (1872) grouped the pink yeast with the Saccharomycetes, but 
Hansen has shown that Cryptococcus glutinis comprises several 
species and can not be included in the Saccharomycetes. Hansen 
(1902) and P. Lindner (1887) were unable to see any sporulation in 
the red budding fungi, and Elfving (1886) also studied a pink yeast 
which did not form spores. A. P. Swan (1896) described a red 
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budding fungus in which he claims to have observed sporulation, 
but J. Chr. Bay (1896) disputed this in a subsequent publication. 
Although frequent mention has been made in various trade jour- 
nals of the occurrence of the pink color in oysters, no detailed study 
of the relation of the pink yeast to the oyster industry has been 
published thus far. Bates and Round have submitted to the Bu- 
reau of Chemistry a preliminary report on the occurrence of a pink 
yeast in oysters during the fall of 1914. Based upon their report, 
a statement was made in the Report of the Chemist? that “It was 
discovered that a yeast was the probable cause of the reddening 
which affected thousands of gallons of oysters during the past 


season.” 
From the foregoing paragraphs it is evident that these pink 


yeasts are widely distributed in nature. Owing to a lack of ade- 
quate description of these forms, no attempt has been made to iden- 
tify the organism reported here with any of the forms mentioned 
other than that they all belong to the same large group of Torule. 


DISTRIBUTION OF THE PINK YEAST. 


After the cause of the color had been found to be a pink yeast the 
next thing undertaken was a study of the distribution of the organ- 
ism in the oyster house, in oysters, in surface and deep water sam- 
ples from Narragansett Bay, and in mud samples taken from the 
oyster beds. If the distribution was limited to the house, the solu- 
tion of the problem was simple, consisting merely of finding some 
suitable method of removing the infection from everything with 
which the oysters came in contact. If, on the other hand, the habitat 
of the yeast extended to the water and mud on the oyster grounds, 
the problem became more complex, with less prospect of eliminating 
the trouble. An examination was first made of the oyster house and 
of the utensils in and about the house. Later oysters taken from the 
decks of the boats were examined before they had entered the house, 
and finally numerous samples of water and mud were analyzed for 
the presence of the yeast. 

Culture media.—After several preliminary experiments with spe- 
cial culture media of various kinds it was decided that satisfactory 
results would be obtained with dextrose agar and dextrose broth. 
These media, upon which the yeast grows abundantly, have been 
used throughout the work. The agar and broth were prepared ac- 
cording to the directions given in the Standard Methods of Water 
Analysis of the American Public Health Association. Beef extract, 
peptone, and pure dextrose were used, and the reaction was adjusted 
to +0.5 Fuller’s scale. One per cent of dextrose has been found 
sufficient. 


1U. S. Dept. Agr. An. Repts., 1915. 
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IN AND ABOUT THE OYSTER HOUSE. 
METHOD OF EXAMINATION. 


Large swabs of cotton on wooden rods were made and sterilized 
and. kept in large jars plugged with cotton. A swab was dipped 
in dextrose broth until thoroughly wet, and then the moistened swab 
was rubbed lightly over the area under examination. The swab was 
then returned to the tube of dextrose broth, marked with the neces- 
sary data, and returned to the laboratory. Immediately on arriving 
at the laboratory the dextrose broth tubes in which the swabs were 
placed were incubated at room temperature (21° to 25° C.) for 12 to 
24 hours, after which the broth was plated out in the proper dilu- 


tions on dextrose agar. The plates were incubated at room tem- 


perature for 7 days, being examined daily for the presence of pink 
colonies. Whenever a pink colony was found it was taken from the 
plate with a sterile needle and transferred to an agar slant. At the 
same time a smear was made for microscopic examination. The 
colonies are very characteristic, both in color and in general appear- 
ance, and can be recognized without difficulty. A smear made from 
each suspected colony was examined, however, in order to avoid 
error in recording results. 


‘RESULTS. 


In the tables which follow letters have been substituted for the 
names of boats, while the areas from which samples were taken are 
designated by numbers. 


TABLE 1.—Results of examination of house and utensils. 


.| Deck of the steamer A (men working at the time).........._......-..--------------- ; 
Do..| Oysters in shell from deck of the boat (oyster meats examined)...............---.--- 
Do:2h Inside the tub onisteamer A332. shoe. ee 
Dol) Tside of wheelbarrow 19: s-o 26 sass hoes cn oes ee ee ee eee eee 
Dos.) Snside of wheelbarrow73: sf be Se ee Ee a ee eee toe We 
Do..| Oysters in shellfrom deck of steamer E (oyster meats examined) -..-...-...--.------ 


Date. Locaticn examined. Result. 
1916. 

Sept. 7..| Sides and floor ofsecond bin, south side...............-...-.-.-.----2+--++----++------ 0 
Do..| Dust from floor offourth bin, Southside: so. 2-7-2202 00 0 eeeee | eee ge ea as + 
Do. + 
Do. + 
Do. 0 
Do. 0 
Do. + 
Do. aia 
Do. 0 

Sept. 18 + 

+ 
0 
+ 
+ 
+ 
0 


Sept. 4..] Sides and floor of fourth bin, south side..............2.-.-...-.-.-.----------------- 
Do. .| Sides and floor of seventh bin, Southjside:2 252255 5. 2 shi Le eee eee es 
Do..}| Opening bench, south side (new boards) £F. vies. POE Se ea ee eee ee ee ees 
Do..} Opening bench, TVOrt best ©) UAeTa) WOTIGT ge) eey ee ap eee ee eee 
Do..| Sides and floor of fourth bins morthiside. eos 2. G45 eee he ee eee ee 
Do..| Sidesand floor of seventh bin, Northside ne. ee ee ee ee eee eee 
Do..| Windowsills on the Suen Side fs. eae eS eee 


+t++t+++ 
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Table 1 shows that the pink yeast is widely distributed through- 
out the oyster house and the adjacent structures, and can be found 
on the decks of the boats, 73.9 per cent of the locations examined 
giving positive results. At the oyster house where the investigation 
was made the oysters are hoisted from the decks of the boats in tubs, 
then dumped into deep wooden wheelbarrows and carried back along 
the runway to be emptied into the bins within the house. Starting 
at the bins and the opening benches, the pink yeast was found to be 
rather abundantly distributed on the sides and floors of the bins. 
The bins first examined in 1916 had not been used since the pre- 
ceding April, so that the dust from several summer months had 
accumulated in them. This dust contained large numbers of the 
yeasts. Attention was next directed to the wheelbarrows in which 
the oysters are carried, swabbings from the inside of two of which 
showed that the pink yeasts are to be found there also. Swabbings 
made from the tubs in which the oysters are hoisted also showed the 
presence of the yeasts. Going still further back in the search, an 
examination of the swabbings made of the decks of the boats showed 
pink yeasts. Oysters from the decks examined at this time showed 
no yeasts. In examining the oysters from the decks of the boats, the 
oyster meats within the shell were analyzed, but the outsides of the 
oyster shells were examined in the sample taken from the bin within 
the house. These results show that the oyster house itself and the 
utensils on the premises are, at least, sources of the infection. 


IN OYSTERS. 


To ascertain whether or not the oysters already contained the 
yeasts when taken from the waters of the bay, further analyses were 
made. 

METHOD OF ANALYSIS. 


Visits to the docks were made at the time when the steamers were 
to arrive, and samples were obtained before the work of unloading 
had begun. A representative sample of 15 or 20 oysters was taken 
from the middle of the pile on the deck, and transported to the labor- 
atory in a cardboard box. The oysters were scrubbed thoroughly 
with a stiff brush in warm water and soap. They were then opened 
aseptically, and 3 oysters placed in a sterile jar with their liquor. In 
opening the oysters the knife was sterilized with flaming alcohol, 
and the edge of the oyster shell was passed through the flame before 
opening. The opened oysters in the jar were vigorously shaken 50 
times and dilutions made of the liquor. The proper dilutions! were 
plated on dextrose agar and examined as already described. 


10.1 ec. and 0.01 cc. were found to be adequate. 
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Later in the course of the work trips were made to the oyster beds, 
where the samples were taken just as the oysters were brought out 
of the water, thus avoiding the contact of the oyster with the deck, 
which was known to be infected. Such samples, placed in card- 
board boxes, were kept in a cool place until they could be taken to the 
laboratory and analyzed. This was usually several hours later, but, 
inasmuch as the analysis was qualitative rather than quantitative, 
the delay has not affected the results. 


TABLE 2.—Analyses of oysters from the bay. 


Date. Source. Result. 
1916. | Steamer: § 
Novy. 12. TB ape eis cs Beye ney pare oe sp a a cecheelcberssns: «usar eee se» 0 
Dee. 4... 15 eRe eee ies Mee aye ae er RYE Edis ab ka Se ER ali Ss Ba 0 
1917 
Jan. 8... pO Eee See Sean et ene eee eee ee Ree FW Oe eters baes soaacere 5 hoSe 0 
Jan. 30-- TANS Sy EO Pe GINS SENT DINS RS MBESE AE ETE IRE EOS eR earn - ene 1 colony. 
Feb. 5... INE GPs Get ae ee Seren enna cies 2 Um ee See ee Bc 0 
Feb. 21.. LOR Ct in yo Anal a ae ei AN neh ete cle Od Me 0 
Mar. 1... Bo Pee eRe GP ae a aE Le Se ar 0 
Mar. 12.. Dey eA le fe it Mt ee ao Pe ei ea Gs i Mae Ale te ik a 1 colony. 
Mar. 15.. Bicties La Saba Sed eh Ge he pe a 11 a a a a 0 
Mar. 19.. Ged SERED ig SER E ET Maes AREY. CoM eet Re ER aN eee yc Oe eee RE eee 1 colony. 
Mar. 22.. fee es, en Ane ey ee son MEU Mesa Ey Maes eee go age 0 
Mart26-2| SchooneriromLone Island:) 2S ee ee eee 2 colonies. 
Mars29).} Steamer sD oer a ee ee ie ce Rg ee Do. 
Apr. 4...) Dredgeon A, as taken from water 0 
Apr. 12..]..... (oo eR IE at Oe Deke weet 0 
Apr. 26..|..... dos seked Sees ee --| 0 
ay 24..| Dredgeon CG, as taken from water .| 0 
May 29..| Seed oysters ‘taken back from the shop during winter. Taken from bed 4 - .-|'0 
May 31..| Old oystersitaken at bed 6. 2-0... nae ele eect aes = eae dee ee eeeoee ieee 0 
June 4. | vdidod teks a A, 22 AA aS a ee I ee eee 0 
TUNES eM es janie Se sin ccine clea c= Sess Neate oe Na a 2 colonies. 
Junei12..|..... Oe eae ir ae Aron MeN SOMERS IS i Pe eee cos Do. 
Sune ls Oysters taken at bed 25 oe sa ee ee ree ey eee ee | 0 
June21..} Old oysters taken at bed 6................-.------ ppm sean sa Ree Sic pes UL es 1 colony. 
June26..| Oysters taken at bed 4........ PB Soe koe ee OR eNO AG somes ou ase senor 2 colonies. 
JUNE 28.12 LIMOS IIS ESI. SEARO CI ERE CORE 2 ee eee 1 colony. 
July 3...) Deck of Steamer By) veecscescae lure ates sale Wem aia i ae aR 0 
July 5-2-| Old oystersitakeniatibed 5.2.00 [ts 2.0) Saese he ot SE ee eee 0 
July 9°: .| Oystersitakeniat bed 2-2... se ce ee ee eee ee ee tore 0 
July 11..}..... C6 Ko aaa eas gee ae me tee ee Une IR IH AL Dt eS i ae ee eee aood 0 
July.16-.| Oysters taken\at: bed 62.) (sc. eee se Sa ee eats cs eae eae 0 
July 19: 3| Oysters taken\at Ded! sco c cece es so ene Bees 0 
July 24..] Young oysters clinging to starfish mops at bed 2..........-..----.-------------« 0 
July. 31. .)5.... O.enajss. epic ees. Ret. BN. Peel Re eee eas eee 0 
Sept.134|) Oysters taken ‘frombed 4200230220 492 a nls eee eee ee aaa eee 0 
Do:.|-Oysters taken /at, bed 63214. Ads5-G2) APR ee Se eS eee 0 


RESULTS. 


The results recorded in Table 2 show that the pink yeasts may also 
be found in oysters before they have been handled or brought in 
contact with infected objects. The number of positive results was 
not as great in the case of the oyster analyses as in the case of analy- 
ses made from the oyster house, only 10 oyster samples of the 38 
examined, or 26.3 per cent, showing the presence of the yeasts. 
There was also a decided difference in the number of colonies to 
be found on the plates made from samples from the two sources. 


48 
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In no case were there more than two colonies of pink yeasts on one 
plate in the oyster samples, while the plates made from swabbings 
from the oyster house frequently presented a surface actually dotted 
with the pink colonies. An attempt to determine whether or not 
the infection was localized and whether oysters coming from particu- 
lar localities were infected failed. As the table shows, yeasts were 
recovered from oysters taken from beds 6 and 4, two areas which are 
widely separated, bed 4 being east of Prudence Island and bed 6— 
some distance west of the island. No relation between the season of 
the year and the presence of the yeasts could be found, positive re- 
sults being obtained in midwinter as well as in midsummer. It is 
interesting to note that oyster samples taken from the deck of a 
schooner from Long Island on March 26 before these oysters had 
ever been in the waters of Narragansett Bay showed the presence 
of yeasts. It may be concluded from Table 2 that the oysters are 
infected before they reach the city, but a comparison of the results 
in Table 2 with those in Table 1 shows that the chance of infection 
is far greater in the house than down the bay. 


IN WATER. 


To determine whether or not the pink yeasts were to be found 
floating in the water of the bay or whether they were in the mud 
and soil on the bottom, analyses of surface and deep water samples 
have been made. 


METHOD OF OBTAINING AND ANALYZING SAMPLES. 


The surface water samples were collected in sterilized 14-ounce 
French tincture bottles in the usual manner. After the sample 
was collected, the bottle was labeled and set in a cool place, to be 
earried later to the laboratory. The samples were then plated ac- 
cording to the Standard Methods of Water Analysis on dextrose 
agar, and the plates incubated and examined as described on 
page 4. 

For collecting the deep water samples, which has presented more 
difficulties, a special apparatus, devised and used by the Rhode 
Island Shellfish Commission in its investigation of the waters of 
Narragansett Bay, was employed. It consists of a heavy piece of 
brass, 20 cm. long by 4 cm. wide and 2 cm. thick. About 2 em. 
from the top of the piece of brass is a slit. A knife edge fitted 
to slide over the back of the apparatus will pass over the opening 
of the slit. On the front of the brass piece are two clasps for hold- 
ing a special tube made from an ordinary test tube, which is heated 
in the flame and drawn out to a capillary point at right angles to 
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the body of the tube; the whole tube is then heated to drive out the 
air and sealed, forming a partial vacuum tube. The body of the 
tube is held in the clasps on the apparatus, and the capillary 
point passes through the slit and extends out in back. When ready 
to take a sample of deep water, the tube is placed in the clasps as 
described, and the apparatus, suspended from a strong cord, 
is lowered to the required depth. A heavy lead weight, which is 
pierced so that it will slide over the cord, is held in the hand until 
the apparatus is at the necessary depth. The weight is then al- 
lowed to slide down the cord. When it reaches the apparatus it 
strikes the sliding knife edge hard enough to cause the edge to slide 
down, breaking the capillary point of the tube. The tube will then 
fill up with water to about two-thirds of its capacity, and may be 
lifted up without any further water being taken in. In this man- 
ner a sample of from 15 to 25 cc. can be secured from any depth. 
Samples thus obtained were carried in a specially constructed rack 
to the laboratory. The tops of the tubes were then broken, pre- 
cautions being taken to avoid contamination, and the samples were 
analyzed in the same manner as surface water samples. 


Taste 3.—Analyses of surface and deep water samples. 


| 


Samples, Result. Samples. Result. 


Date. |Bed No. ‘ Date. |Bed No. 

Location. | Ser" | tive, | tive, | Location. | yer" | five. | urvor 

1917. 1917. 
Mar. 26.) 6.....[ peop 7] 9] og | Same 4 | 2.----Boopeci| Bt ale 
Apr. 4] 6i--Heegsere 7 | abcicipiltl - ip Same et | 6-c..-eepae wale PRE) glories 
Apr. 12] 6....-1 Deep} az} of 12] Fume 28] 4..---t peepee] BY of 
Ape 8 [722.214 eee arth iggdo li 8 ho cappl| DMine 28: | 4aeenncl eer Olt abhal lores 
Doi} Bo.H been si] La kolo zl) tei B 2th mite 
May, 22 |lacd HOME Te PL all, | Abel Felipe cee eee oe | gc 
May) 26 |G. punter 2) o|  g | suly 9) 2-stpeee edt ele wie yen 
May 29/3.....{Bome 7] 3) a] Z|] sur a s/ of 3 
May 31 | 6.....,,{Susiaee.----. Bic) boqeiarlGeixeas 3} 0] 8 
June 4 | 6...... Depew] 8] 0] || tay 19/3... Depew el of oF 
June 8 | 6.....\ Reon 12 Bie lcob o> Bl) Salve 24) 2eco-e Wipes ay Sele mls 
Tune 12/6... peop} B| Of Bil ay 2 | 2 eopec| 8] ol 8 

| 
RESULTS. 


The analyses of water samples give a much smaller number of 
positive results than do analyses of the oysters or swabbings from 
the oyster house. But 2 positive samples of surface water have 
been found in the 71 samples examined, or 2.8 per cent, and but 7 
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positive samples of deep water in the 194 examined, or 3.6 per 
cent. The great difference in the number of positive samples ob- 
tained from the various sources is apparent when the percentages 
are compared, 73.9 per cent in the house, 26.3 per cent in oysters, 
3.6 per cent in bottom samples, and 2.8 per cent in surface samples. 
In all the positive cases the number of colonies on the plates was 
very small in comparison with the number found when examining 
the oyster house. The water of Narragansett Bay may be consid- 
ered almost a negligible factor in the contamination of the oysters 
with the pink yeast. Beds 1 and 7 are widely separated, and 
extend from above Conimicut Point to the lower part of the bay. 
Hence in Table 3 it may be noted, as in Table 2, that the positive 
samples were obtained from areas a great distance apart, and no 
conclusions can be drawn as to the distribution of the organism 
in particular localities. 

A record of the weather conditions and the temperature of the 
water has been kept, in the hope that some relation might be found 
between such conditions and the presence of the yeast, but the very 
small number of positive results obtained and the fact that these 
positive results were obtained from localities distant from each 
other has made such data of no value. It may be said, however, 
that, as far as can be deduced from the data at hand, there is ap- 
parently no relation between the tide, wind, and current and the 
distribution of the pink yeast in the water. 


IN MUD. 


METHOD OF COLLECTING AND ANALYZING SAMPLES. 


Whenever the bottom was soft and muddy it was a simple mat- 
ter to obtain the sample. A large dredge was dragged along over 
such bottom, and then hoisted to the side of the steamer, while a 
small amount of the material was taken from the dredge by means 
of a sterile spoon and transferred to a sterile glass jar. When the 
bottom was hard and sandy, a greater length of chain was let out 
on the dredge and the speed of the boat was slowed down as much 
as possible. If the dredge was left down long enough there was 
no difficulty in securing enough of the sand for analysis. The 
glass jars containing the samples were placed in the refrigerator 
on the boat until they could be taken to the laboratory. Samples 
of mud and sand were analyzed according to the usual methods of 
soil analysis. A small amount of the material, taken from the 
jar with a sterile spatula, was thoroughly shaken with 10 cc. of 
sterile water, and dilutions of this mixture were made. Since the 
eXamination was not quantitative, no attempt was made to weigh 
out or measure known amounts of the muddy material. The plate 
cultures were made as before described, and examined daily. 

140536°—20—Bull. 819 2 
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RESULTS. 


In no case was the pink yeast recovered from the 20 samples of 
mud and sand collected. It may be concluded that the soil on the 
bottom of the bay is not a factor in the contamination of the oysters 
with the pink yeast. 

A discussion of the distribution of the yeast and its relation to 
the oyster industry, together with recommendations for its control, 
is given on page 21. 


EXPERIMENTAL PRODUCTION OF PINK COLOR IN OYSTERS. 


In order to prove conclusively that the pink yeast is the cause of 
the pink color in shipments of shucked oysters, several experiments 
were undertaken to produce the color by the ee of cultures 
of the organism into jars of normal oysters. 

Two gallons of oysters, obtained in the market, were , divided among 
9 glass jars. Five cubic centimeter amounts of a pink yeast culture, 
grown in an oyster broth medium for 4 months, were introduced into 
6 of the jars. The remaining 3 jars were held as controls. Two in- 
oculated jars and a control jar were placed in the cold storage at 0.5° 
C., in the refrigerator at from 8 to 10° C., and directly on the ice at 
about 5° C. These jars were examined daily, the presence or ab- 
sence of a pink color noted, and the temperature within the jars re-_ 
corded. At the end of the first week the oysters in the jars on the 
ice and in the refrigerator were decidedly pink. ‘There was no pink 
color in the jars of oysters used as controls. At the end of one 
month the oysters in the cold storage at 0.5° C. were slightly pink, 
while the control oysters were not pink. The pink yeast was recov- 
ered from eacli jar which showed a pink color. In each jar, how- 
ever, the oysters were spoiled and very sour by the time they were 
pink. The oysters used for the experiment were shucked with their 
own liquor, and were delivered to the laboratory without being 
washed. They contained a large amount of dirt and many bacteria 
in the mucus which, without doubt, brought about the rapid spoilage. 

In order to produce the pink color in oysters properly washed 
and shipped the following experiment was carried out. A trip was 
made to a near-by city and 3 gallons of oysters purchased at the 
packing house. These oysters had been carefully shucked and 
washed in a blower, and then placed in new, clean 1-gallon cans. 
Into each of two 1-gallon cans of oysters were introduced about 25 
ce. of a 10-day oyster broth culture of the pink yeast. The third 
can was left as a control. The cans were closed and packed in a 
wooden box with cracked ice, and shipped to the laboratory just as 
they would be shipped to the retailer. These oysters were 5 days in 
reaching the laboratory, and when they were received they were 


A PINK YEAST CAUSING SPOILAGE IN OYSTERS. 11 


light pink in color. The control can was normal. All 3 cans were 
placed in cold storage, and in 2 days the 2 cans were decidedly pink, 
the control remaining normal. In this experiment also the pink 
yeast was recovered from the pink oyster liquid. 

These experiments, together with the fact that the pink yeast 
was isolated from every shipment of pink oysters examined, are 
good evidence that the pink yeast is, without question, the cause 
of the pink color in shucked oysters. The experiments have also 
shown that when oysters are pink they are close to the stage of spoil- 
ing, as it takes 5 or 6 days for the color to develop at a temperature 
of about 10° C. When kept at a temperature as low as 0.5° C. about 
1 month is required to produce the pink color, in which time the 
oysters become decidedly stale, 


MORPHOLOGY OF THE PINK YEAST. 


Shape and size —KElliptical. Maximum measures 9.8 by 7 micra; 
minimum measures 4.1 by 2.8 micra. Average measurement, 6 by 4 
micra. No mycelium. Often grouped in gelatinous framework. 
Granules, fat globules, and vacuoles present. Budding forms com- 
mon, 

Sporulation—Yeast grown for 1 month on sterilized gypsum 
blocks and examined at intervals showed no spores, either when 
unstained or when stained with carbol fuchsin. 

Staining reactions—Stains readily with methylene blue, safranin, 
or gentian violet. Not acid fast. Staiing by Gram’s method is 
very similar to that reported by Henrici (1914). Decolorized with 95 
per cent alcohol, the cells are Gram positive, but a few cells in the 
field are partly decolorized, showing a number of fine black par- 
ticles in a red matrix. When 30 per cent acid (HCl) alcohol is used 
the cells are completely decolorized. 


CULTURAL FEATURES OF THE PINK YEAST. 


Temperature—Optimum temperature, 22° C. Will not grow at 
37° ©. Grows at 6° C., but growth not as abundant nor as charac- 
teristic as at 22° C. 

Dextrose broth—Growth first appears as precipitate in bottom of 
tube. Later a ring forms around wall of tube at surface of medium. 
Precipitate flocculent. No film formation. 

Dextrose agar slant—Growth along the streak, heavy, moist, and 
clistening. Later growth collects at base of slant in heavy mass. 
Growth of slimy consistency. 

Gelatin stab—Growth fair. Uniform along the stab. Pigment 
production not pronounced. No liquefaction. 

Dewtrose agar colonies.—Visible about third or fourth day. Round, 
smooth, moist, and glistening. 
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Litmus milk.—Same as broth cultures. No coagulation nor pep- 
tonization. 

Blood serum.—Growth moderate. Similar to agar slant. No 
liquefaction. 

Potato—Growth moderate. Similar to agar slant. No destruction 
of starch. 


BIOCHEMICAL FEATURES OF THE PINK YEAST. 


ACID PRODUCTION. 


To determine whether or not acid was produced by the pink or- 
ganism, cultures were made in various carbohydrate media, and 
titrations made daily. Dextrose, maltose, lactose, raffinose, saccha- 
rose, and glycogen broths were used. Of these the first four were 
prepared according to the standard methods of the American Public 
Health Association. 

Inasmuch as the pink yeast was found growing in and was iso- 
lated from oyster liquor which contains a large amount of glycogen, 
it was thought necessary to test its acid production in this car- 
bohydrate. Owing to the scarcity of glycogen in pure form and tothe 
difficulty in preparing it, a special medium containing glycogen 
was made. An infusion of oysters was prepared by infusing finely 
ground oysters over night with double the quantity of water. The . 
mixture was allowed to boil for 2 minutes over the flame, after 
which it was strained through a cloth. To the resulting oyster in- 
fusion 1 per cent peptone was added, and the broth made neutral. 
As oysters contain glycogen in amounts varying from 3 per cent 
to 25 per cent of the total solids according to the season, food supply, 
etc., the broth prepared no doubt contained a fairly high percentage 
of glycogen. Growth in this oyster broth at room temperature re- 
sembles the conditions under which the yeast occurs, and it is of 
special interest to test for acid production in this medium. AI] these 
media were titrated after sterilization and before inoculation. There- 
after titrations of the cultures and controls were made daily for 7 
days. The titrations were made against N/20 sodium hydroxid, using 
phenolphthalein as an indicator. 

In addition, acid production was determined in cultures grown 
anaerobically, in order to approximate the conditions afforded for 
the growth of the pink yeast in oysters packed in sealed glass jars. 
The cultures were grown under paraffin oil and titrated daily as de- 
scribed. 

In none of the carbohydrate media used was there any acid pro- 
duction by the pink yeast when grown either aerobically or anaero- 
bically. 
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ALCOHOL, ALDEHYDE, AND ACETONE PRODUCTION. 


The production of alcohol in sugar solutions is without doubt the 
best known of all properties of the yeast plant. Alcoholic fermenta- 
tions due to the growth of fungi have been known for a long time, 
and it was because of the alcoholic fermentation of sugars that the 
true yeasts were given the name Saccharomycetes. One of the dis- 
tinguishing features of the Torule or pseudo yeasts, however, is the 
fact that they cause alcoholic fermentation to a very slight degree or 
not at all. In studying the pink yeast, experiments were conducted 
to determine whether or not this organism produces alcohol] in various 
sugar media. 

The pink yeast was grown at room temperature in dextrose, levu- 
lose, maltose, lactose, galactose, raffinose, arabinose, saccharose, gly- 
cogen, inulin, and dextrin broths for 72 hours with controls. At the 
end of the incubation period the cultures and controls were attached 
to a condenser and distilled. The distillate was tested for alcohol, 
aldehyde, and acetone by routine methods, and no positive results 
were obtained. Applied to a culture of a known alcohol-producing 
yeast these methods gave positive tests. The pink yeast does not give 
the test for alcohol, aldehyde, or acetone when grown under the con- 
ditions described, but whether small amounts of these compounds 
may be formed under other conditions was not determined. 


GAS PRODUCTION. 


Experiments were also conducted to determine the gas production 
of the pink yeast. Dextrose, maltose, lactose, raffinose, saccharose, 
and glycogen broths were prepared as described. Fifteen cubic centi- 
meters of each medium were used in Dunham fermentation tubes. 
After inoculating with the pink yeast the tubes were incubated, with 
controls, at room temperature, and for 7 days examined for the pro- 
duction of gas. Cultures were also grown anaerobically under 
paraffin oil. 

In none of the tubes was any gas produced in 7 days. The tubes 
were reserved for the examination at a later period, and no gas pro- 
duction was observed for 21 days. 


ENZYME PRODUCTION. 


Enzyme production is a property possessed by many yeasts. Most 
of the true yeasts produce invertase, which inverts saccharose to 
dextrose and levulose. Certain yeasts also produce protease and 
diastase. Experiments were conducted to determine whether or not 
protease, diastase, invertase, or rennin are produced by the pink 
yeast. 
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Protease.—F ifty cubic centimeters of blood serum and milk serum, 
filtered through a porcelain candle, were prepared, inoculated, and 
incubated at room temperature for 3 days. For control purposes cul- 
tures of B. proteus, which is known to produce a proteolytic enzyme, 
were also made, and flasks of serum which had not been inoculated 
were likewise incubated with test cultures for controls. At the end of 
the incubation period the liquid was made faintly acid with acetic 
acid, and boiled to precipitate the unaltered proteins. These were 
filtered out, and the filtrate was tested for polypeptids, peptones, 
tyrosine, and tryptophane with copper sulphate and sodium hydroxid, 
Millon’s reagent and glyoxylic acid. 

Diastase-—Tube cultures of the pink yeast were prepared in sugar- 
free broth. As controls, cultures of B. subtilis, which produces dias- 
tase, and sterile broth tubes were incubated for controls, and all the 
cultures were incubated at room temperature for 3 days. A thin 
starch paste with 2 per cent thymol was prepared, and equal parts 
of the cultures and the paste were mixed. The mixtures were incu- 
bated for 6 hours at 37° C., and then filtered. The filtrates were 
tested for sugar with Fehling’s solution. . 

Invertase-—In testing for the production of invertase, tube cul- 
tures were made of the pink yeast in sugar-free broth as in testing 
for diastase. Cultures were also made of the Saccharomyces cere- 
visiw, which inverts saccharose, and uninoculated cultures were in- 
cubated for controls. A 2 per cent saccharose solution was made, 
and 2 per cent phenol added. Equal parts of the cane-sugar solution 
and the cultures were mixed and allowed to stand for several hours. 
They were then filtered, and the filtrates tested for reducing sugar 
with Fehling’s solution. 

Rennin.—Tube cultures of the pink yeast and of B. prodigiosus 
were prepared in sugar-free broth, and incubated for 3 days with 
uninoculated cultures for ponrole, At the end of the incubation 
period the cultures were heated to a sufficient temperature to sterilize. 
By means of a sterile pipette 5 cc. of the culture were introduced 
into each of 3 litmus milk tubes. The litmus milk tubes were placed 
in the incubator at 22° C., and examined daily for 10 days. 


TaBLe 4.—Hnzyme production. 


Enzyme. Organism. Result. Enzyme. Organism. Result. 
Pink yeast.......------- 0 Pink-yeast2 2 «5.62.5 + 

Proteases a. e2a- SB STOLEWS:(o=\< sien /=,< sean + | Invertase.....- Sacclvyeeneiisie seen nena ak 
Controls 3222282 h2e225- 0 Controlt i... - 2323. ORL 0 

Pink yeastucy ser tas)- 432 0 Pink yeasts! 40.5. ....2. 0 

IMEGIERS SES san aw ets COLO IG Bee ss noeecence + | Rennin........|{B. prodigiosus..........- + 
Controllers ethene. --e ae - 0 Controleis= ss 5 53- eee 0 
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The results in the table indicate that no proteolytic, diastatic, nor 
milk-coagulating enzyme is formed by the pink yeast, but that the 
yeast does produce invertase which changes saccharose to dextrose 
and levulose. 

INDOLE PRODUCTION. 


In order to test for the production of indole by the pink yeast, cul- 
tures were grown for 15 days in tryptophane broth at room tempera- 
ture, with controls, and were tested daily. The tests were made with 
paradimethylaminobenzaldehyde and hydrochloric acid. No posi- 
tive tests were obtained. 


AMMONIA PRODUCTION. 


The power of the pink yeast to reduce nitrates to nitrites and am- 
monia was tested: The yeast was grown in peptone-nitrate solution 
for 10 days, and from the fifth to the tenth day the cultures and con- 
trols were tested for the presence of nitrites and ammonia. Sul- 
phanilie acid and a-naphthylamin were used in testing for nitrates, 
while Nessler’s reagent was added to the cultures in testing for 
ammonia. 

Tasie 5.—Production of nitrites and ammonia. 


| Result. 


| 
Organism. 6 days. 7 days. 8 days. 9 days. 10 days. 
Ni- Am- Ni- Am- Ni- Am- Ni- Am- Ni- | Am- 
trites. | monia.| trites. | monia.| trites. | monia.| trites. | monia.| trites. | monia. 
Pink yeast....--...- + + + + oe + + oe + + 
Controle Tort =. <6 a 0 0 0 0 0 0 0 0 0 0 


The results of the experiments show that the nitrates in the cul- 
ture medium are reduced to nitrites and ammonia. 


PHENOL PRODUCTION. 


Cultures were prepared in nutrient broth in flasks containing at 
least 50 cc. of medium, and were incubated at room temperature for 
3 days with controls. At the end of the 3 days 5 cc. of 25 per cent 
sulphuric acid were added to the culture, and the mixture was dis- 
tilled. The distillate was tested with Millon’s reagent, ferric chlorid 
solution, and bromin water. Both the test and control cultures gave 
no indication of phenol. 

PIGMENT PRODUCTION. 


When grown under favorable conditions, the yeast produces abun- 
dant pink pigment. The most abundant pigment production is ob- 
tained when the yeast is grown upon solid sugar media at room tem- 
perature. The pigment is also produced in liquid media, but in much 
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smaller quantity than on solid media. When grown at refrigerator 
temperature no pigment is produced until the fourth or fifth day, 
and then only a very slight amount. The pigment is not red or rose- 
colored, as the name “red Torula” or “red yeast” often given to 
the organism by investigators would indicate, but is more nearly the 
color of the ordinary pink coral. Its color matches the Orange Red 
Tint No. 1 of the Bradley educational colored papers. Chapman 
(1916), who studied the coloring matter of “ red Torulae,” has found 
it to be a substance similar to carotin. In the present investigation 
of the pigment of the yeast an attempt has been made to determine 
first a method of dissolving it, and, second, its solubility in various 
substances. After several experiments with different methods the 
following manner of dissolving the pigment has been found most 
productive of results. The yeast was grown on large agar slants for 
3 days at room temperature, at the end of which time the growth was 
transferred to a small mortar and thoroughly ground with fine sand 
to break the yeast cells. After grinding with the sand the mixture 
was kept at about 40° C. until completely dried, and then ground 
again with the solvent to be tested. The mixture was filtered, and if 
the pigment was soluble the filtrate obtained was of a clear pink color. 

Using this method, it has been found that the coloring matter is 
insoluble in hot and cold water,,is slightly soluble in alcohol and car- 
bon disulphid, somewhat more soluble in chloroform, and very 
soluble in ether. As such solutions of pigment slowly lose their color 
upon standing in the light, at the end of 2 weeks the chloroform and 
alcohol solutions were colorless. Ether solutions left standing in the 
light for 1 month are completely decolorized. 2 


PHYSICAL FEATURES OF THE PINK YEAST. 


RELATION TO OXYGEN. 


Five methods were used in studying the growth of the pink yeast 
under anaerobic conditions. 

Method 1 (Hesse’s method).—Stab cultures were made in dextrose 
agar, choosing for the purpose a straight tube containing a deep 
column of medium and thrusting the inoculating needle to the bot- 
tom of the tube. A layer of sterile paraffin oil, 1 to 2 cm. deep, 
was poured on the surface of the medium, and the culture was in- 
cubated at room temperature with a control tube of agar which had 
not been inoculated. 

Method 2.—A tube of agar was liquefied by heat, poured into a 
sterile Petri dish, and allowed to solidify. The surface of the medium 
was inoculated with the pink yeast in one spot only. A cover slip 
was taken from a jar of alcohol with sterile forceps, and the alco- 
hol burned off in the flame. The sterile cover slip was lowered on 
the medium over the inoculated spot, carefully excluding air bub- 
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bles, and was then pressed down firmly with the points of the for- 
ceps. This plate was incubated at room temperature with a con- 
trol plate. 

Method 3 (Rows physical method).—Tube cultures of liquid 
media were prepared as usual, and some of the inoculated media was 
aspirated into capillary pipettes. The ends of the capillary 
pipettes were carefully sealed in the flame, and the cite with their 
controls were incubated at room temperature. 

Method 4 (Buchner’s method).—Tube cultures were prepared as 
already aestithed. Ten cubic centimeters of “acid pyro” solution 
were placed in a large Buchner’s tube, and to this was added 1 cc. 
of N/10 sodium hydroxid, or 2 cc. of N/20 sodium hydroxid. The 
inoculated tube was placed inside the Buchner tube, and the mouth 
of the tube fitted tightly with a moistened rubber stopper. The 
tubes were incubated with controls. 

Method 5 (Wright’s method) —After tube cultures had been pre- 
pared as usual, the portion of the cotton-wool plug projecting above 
the mouth of the tube was cut off with scissors, and the plug pushed 
into the tube for a distance of 2 or 3 cm. By means of a pipette 
about 1 cc. of 10 per cent aqueous solution of pyrogallic acid was 
dropped onto the plug. It was absorbed immediately. By means 
of another pipette, an equal amount of N/10 sodium hydroxid was 
introduced, and the mouth of the tube quickly closed with a tightly 
fitting rubber stopper. The tube was incubated at room tempera- 
ture with a control tube. 

All these tubes were examined daily for 7 days, and the growth 
of the yeast recorded (Table 6). 


TABLE 6.—Anaerobic growth of the pink yeast. 


Growth. 
Method. Organism. tte ye e 
24 48 72 96 120 144 168 

hours. | hours. | hours. | hours. | hours. ! hours. | hours. 
WEEE Eee Pinks yeast. sees. Ske. -22s- 022k + aE + + + ao ay 

(WONTON ec ecaera Sresengsiats we ees eet 0 0 0 0 0 0 0 
2..22..-.- Pink yeast .....------------------- ar Ste + +] ++] ++ aie 
Controle tae te ee eases 0 0 0 0 0 0 0 
3.------.- Pink yeast ....--....--.-2------+-- aR + + + +}oo+4+ arse 

CoOntraln oo hoch acme segs seis 0 0 0 0 0 0 0 
Buses. Ee [eel GES hez guecr speeasse ser = sae. + + + + +)oo++ ede 
@ontrol ae tesce tse sccek ez oee 0 0 0 0 0 0 0 
Dee tee (PuTk yeasts. het ct shel ae Mee 0 0 0 + = + + 
Controky: 87-25: SSE 0 0 0 0 0 0 0 


In the table a double plus sign (+++) indicates a very abundant 
erowth of the yeast. It is evident that the pink yeast grows readily 
when oxygen is excluded from the culture. The production of the 
pigment is in no way affected by the absence of oxygen. 
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RELATION TO TEMPERATURE. 


As has been stated previously, the pink yeast grows best at room 
temperature (21° to 25° C.), whereas no growth occurs in the 
37° C. incubator. The yeast grows but sparsely at refrigerator 
temperature (6° C.), and with but slight pigment production, the 
bright pink color appearing only after several days. 


THERMAL DEATH POINT. 


In view of these facts, it was assumed that the thermal death point 
of the yeast would be low, so that in determining this temperature 
the start was made at 36° C. The method used was taken from the 
Standard Methods of Water Analysis of the American Public Health 
Association. A ‘48-hour-old culture grown at room temperature was 


used. 
TABLE 7.—Thermal death point of the pink yeast. 


Result. | Result. 
Tem- Tem- 
per- per- 
ature.| 1 2 3 4 5 6 7 |ature.| 1 2 3 4 5 6 7 

day. | days.| days.| days.| days.| days.| days. day. | days.| days.| days.| days.| days.| days. 

°C. SOs 
48 + = se) sha2 || spk l) ssp |) spar 58 0 0 =f 5 ora Sia ee eta 
50 0 0 + ap |) Sesh | =Sh | apse 60 0 0 + + ai 5] SES 
52 0 Oo; + +] -+ + + 62 0 0 + + 46) 4556 |) =Rse 
54 0 Oo} +; + + oe a 64 0 0 0 0 0 0 0 
56 0 Oo} + | Ze +) oof] t+ 66 0 0 0 0 0 0 0 


In Table 7, ++ indicates that the yeast was living in the tubes 
after exposure to the heat, and 0 indicates that there was no growth. 

The temperature of 36° C., at which the experiment was started, 
was very much too low, and the heat had no apparent effect on the 
yeast up to 48° C. The temperatures below 48° C. are therefore 
omitted from the table, as are the records of the control tubes in 
which there was no growth. By raising the temperature of the bath 
2 degrees at a time it has been found that the thermal death point 
of the yeast is 64° C. There is apparently no relation between the 
optimum temperature of the yeast and its thermal death point. 
In working on the thermal death point of the true yeast used in 
bread making, Wells (1917) found that the thermal death point 
of yeast in bread making is approximately 68° C., slightly higher 
than was found by the author to be the case with the pink yeast. 

RELATION TO REACTION OF MEDIUM. 


Experiments on the relation of the growth of the pink yeast to 
the acidity or alkalinity of the culture medium were conducted to 
cletermine the limits of alkalinity or acidity at which the yeast would 
grow; also to find the optimum reaction. Dextrose broth was pre- 
pared, and divided into 60 cc. portions. The various portions of 
media were titrated, and the reactions corrected, so that amounts of 
media were obtained with titre varying from —9 per cent alkaline, 
to + 10 per cent acid. 


A PINK YEAST CAUSING SPOILAGE IN OYSTERS. 19 


Each portion of the different media was titrated after sterilization, 
and the titre recorded. The tubes were then inoculated with the 
pink yeast, incubated at room temperature with control tubes of 
the same reaction, and examined for 7 days. The growth in each 
tube was recorded. 


TABLE 8.—Relation of growth of the pink yeast to reaction of the medium. 


Reaction. Growth. 


Before After 

¢ ae ; ie gO Fae z 120 144 168 

ia eal piri 24 hours. | 48 hours. | 72 hours. | 96 hours. notte iawn Hane 
=—1 — 0.8 + + -- +++ --- 

Neutral. + 0.3 oe + Ss oa spapar || Geerarar || searaeae || arararae 
+1 + 1.0 + + S54 3535 Ge Sete teeta) State 
+2 + 2.0 ae ae —+ Sram Sear ar apqear |) SParseae 
+3 + 2.8 + + amas araRay ar9ear || arcaparer) || a@racarar 
+4 + 3.9 + —- ae a a + + 
+ 5 + 4.8 + =F fic sip os ca ar 
+6 + 5.6 + ae a ae + an + 
+7 + 7.0 + ae sm a =p = of 
+8) 477 + + + + + + + 
+9 + 9.2 + ah + + Be a5 | + 
+10 +10.5 0 0 + + + - + 


The terms used in describing the growth in Table 8, which are 
comparative only, are as follows: Very slight to slight (+); fair 
to very fair (+++); good to very good (+-+-+); excellent to heavy 
(+++-+). No growth appeared in any of the control tubes. Nor 
did growth occur in any medium the reaction of which was less 
than — 0.8. The growth in the acid media was very slight in the 
cultures which contained acid to a greater extent than 2.8 per cent. 
The best growth was obtained in media the reaction of which was 
between ++0.3 and +2. In the cultures the reaction of which was 
+10.5 the growth was barely discernible, and this may be taken 
as the limit of acidity. 


RESISTANCE TO DESICCATION. 


Yeasts, in general, are very resistant to drying, and this has been 
found to be the case with the pink yeast. Pasteur (1879) studied 
a yeast which continued to grow after being dried for 1 year. 

The pink yeast was dried on glass rods in a specially constructed 
drying-box. This consisted of a wooden box, the cover of which 
was perforated. Each one of the holes in the cover of the box was 
plugged with cotton, and the whole apparatus was sterilized in the 
autoclave at 15 pounds for 15 minutes. Corks which would fit the 
holes in the cover of the box were selected, and small glass rods were 
inserted in the corks. These were sterilized in the autoclave also. 
Forty-eight-hour-old cultures of the pink yeast were made in dex- 
trose broth. The sterile rods were dipped in these cultures, and the 
rods, with some of the culture adhering to them, were suspended in 
the sterilized box. Each day one of the rods was removed from 
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the box, and the yeast which was dried on it washed off in dextrose 
broth. As each rod was taken from the box the hole was plugged 
with a sterile cotton plug. The tubes of broth in which the dried 
rods were washed were incubated at room temperature, and observed 
for the growth of the yeast. 

Up to July 1, 1918, the yeast was recovered in pure culture from 
rods suspended in the drying-box for 100 days. The fact that dry- 
ing under atmospheric conditions apparently has no effect on the 
viability of the pink yeast helps to explain why the yeast, after be- 
ing dried in oyster bins, etc., for several months, will readily grow 
when placed in a favorable environment. 


RESISTANCE OF THE PINK YEAST TO DISINFECTANTS. 


Early in the study of the pink yeast an attempt was made to find 
a disinfectant with which the infected objects in the oyster house 
could be washed as a method of controlling the development of the 
yeast. It was necessary to use a chemical which would in no way 
be injurious to the oysters should it come in contact with them, or 
harmful to the consumer in case such oysters were eaten. 

Chemicals employed in the disinfection of water, such as calcium 
hypochlorite, or bleaching powder, and copper sulphate, were first 
used. Neither. of these proved efficient in dilutions such as it was 
feasible to use. Since the yeast was known to be surrounded by a 
capsule, probably of a lipoid nature, soap and soapine solutions were 
tried, in the hope of breaking the capsule and thus killing the yeast. 
When this failed, copper sulphate was mixed with the soap solution 
in the belief that the soap might break the capsule and allow the 
copper sulphate to act. This treatment, however, had no effect on 
the viability of the yeast. A coal-tar disinfectant in a dilution of 
1 to 1,000 parts was not effective, and sodium sulphite and copperas 
in low dilution were also found to be without effect. Formalin, 
which was not used at first because of its odor and the fact that 
molds often grow readily on it, was finally resorted to. It was 
found that formaldehyde gas present in 1 to 2,500 parts of water 
quickly kills the yeast. 

In testing the effects of disinfectants on the yeast, the following 
method was employed: The yeast was grown in 9 cc. amounts of 
dextrose broth for from three to five days. The disinfectant to be 
tested was diluted in such a manner that 1 cc. added to the 9 ce. of 
culture would give the required dilution. In the case of calcium 
hypochlorite the amount of available chlorin was first determined, 
and dilutions prepared which contained known amounts of the 
chlorin. When testing formalin, dilutions were made from the com- 
mercial 40 per cent solution, and the amount of formaldehyde gas 
in the final dilution was computed. The cultures to which the dis- 
infectant had been added were set aside for known lengths of time; 


|. 


A PINK YEAST CAUSING SPOILAGE IN OYSTERS. 21 


then subcultures were made on dextrose agar slants. These agar 
cultures were examined daily for the growth of the yeast. 

After it was found that formaldehyde, 1 to 2,500, would kill the 
yeast in broth cultures, this disinfectant was applied to the oyster 
house. Early in the morning the bins and benches of the opening 
house were swabbed, and the pink yeasts were recovered from the 
swabs. The bins and benches were then scrubbed thoroughly by 
means of brooms and running water from a hose. Following the 
scrubbing the woodwork was washed down with formaldehyde solu- 
tion, and the bins left unused during the day. Later in the after- 
noon the bins and benches were swabbed again, and no pink yeasts 
were obtained. 

It is apparent that if this procedure is followed the principal 
source of contamination can be removed. It is well to leave the 
formaldehyde solution on the woodwork overnight or during the 
entire day. The same procedure may be followed in washing the 
tubs, wheelbarrows, and other contaminated objects in and about 
the oyster house. 

DISCUSSION OF RESULTS. 


In discussing the relation of the pink yeast to the oyster industry 
it will be well to consider the method of handling the oysters in pre- 
paring them for shipment, as practiced in most of the establishments 
in Rhode Island where this study was conducted, to note the possibili- 
ties of contamination with the pink yeast in the process, and draw 
some conclusions from the data already collected as to the source of 
the contamination. 

The oysters are caught in large dredges and dumped on the deck 
of the boat, after which they are shoveled back along the deck to a 
large pile amidship. The day’s catch of oysters is taken to the oyster 
house, and unloaded by shoveling the oysters into wooden tubs in 
which they are carried back into the house and dumped into bins. 
The oysters are opened into metal dippers and taken to the wash- 
room to be cleansed and iced for shipment. They are first washed on 
a skimmer with fresh water from a hose, then put into tubs of salt 
water for 15 minutes, at the end of which time the salt water is re- 
placed with fresh water, and a piece of ice added. When the oysters 
are thoroughly chilled they are washed on a second skimmer with 
salt water. The oysters, thus washed, are measured into 1-, 2-, or 5- 
gallon cans, and covered with a tight-fitting tin cover which is not, 
however, air-tight. These cans, which are cylindrical, are packed in 
square wooden boxes of the proper size to hold the can, leaving a 
space in each corner which is filled with cracked ice. The cover of 
the box is nailed on, and the oysters thus packed are shipped. 

As stated elsewhere (page 1), oysters packed in this way and sent 
for long distances are often pink when they reach their destination. 


29, BULLETIN 819, U. S. DEPARTMENT OF AGRICULTURE. 


The possibilities of contamination in the process of handling just de- 
scribed may now be considered. Disregarding,; for the moment, the 
fact that the oysters may contain the yeasts when taken from the beds, 
it may be noted that they are immediately brought in contact with the 
deck of the boat, which is known to be infected. This, then, is one 
possibility of contaminating the outside shell of the oyster. Later 
the oysters are placed in tubs, wheelbarrows, and bins which are also 
known to be infected, presenting further opportunities for contamina- 
tion. From the time that the oysters are taken from the water until 
they.are opened in the oyster house there is every chance for the out- 
side of the oyster shell to become contaminated with the pink yeast, 
but practically no chance for the contents of the oyster shell to be con- 
taminated, since the oyster closes its shell and remains tightly closed 
during the process of handling. On opening the oysters, however. 
some of the dirt on the outside of the shell is unavoidably transferred 
to the dipper of opened oysters. Although these oysters are thor- 
oughly washed, small organisms like the pink yeast are not easily 
washed off, and may be carried along into the shipping cans. 

The data collected show that the house, the boats, and the utensils 
within and about the house are heavily infected with the pink yeast, 
that no yeasts were found in the mud at the bottom of the bay, and 
that yeasts were present in a very small number of the water samples. 
While it is true that some oysters when taken from the water contain — 
small numbers of pink yeast, such oysters are not often found, and it 
is not probable that this is an important source of infection. The re- 
sults of this investigation indicate that the source of the trouble lies in 
and about the oyster house. If measures are taken for preventing con- 
tamination there, the trouble from the pink yeast will be eliminated. 

The fact that the pink yeast is occasionally found in water sam- 
ples and on oysters taken from the oyster beds may possibly be | 
explained in the following manner. Every season oysters are 
brought to the oyster house, where they are culled, and then taken 
back to the oyster beds. Such oysters are contaminated in the 
process of handling and no doubt carry back the pink yeast with 
them to the bay. A further explanation, which seems more prob- 
able, is that. the shells that are carried down the bay and planted 
in the summer may be bearers of the pink yeast. After opening 
the oysters in the oyster house the shells are dumped in a large pile 
on the adjacent grounds and left there until June or July, when 
they are taken to the oyster beds and planted in order to give a 
smooth, clean surface for the oyster spat and also to furnish cal- 
cium salts for the growing oyster. These shells are contaminated 
with the pink yeast after passing through the house, and it 1s known 
that the pink yeast grows aboundantly in the shells and in the 
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moisture which collects at the bottom of the pile during months 
in which they lie in the yard. When these shells are taken to the 
beds it is probable that large numbers of the pink yeasts are carried 
with them. 

As a method of control it is recommended that all the bins, 
benches, tubs, etc., be scrubbed thoroughly with water and then 
washed with a 0.04 per cent solution of formaldehyde gas, which is 
equivalent to 1 part of formaldehyde to 2,500 parts of water. Such 
a solution may be prepared by adding 1 part of commercial formalin 
to 1,000 parts of water. The washing should’ be done in the fall, 
before any oysters are brought to the opening house; and bins, 
benches, tubs, etc., should also be washed several times during the 
winter whenever convenient. 


SUMMARY. 


1. The organism causing a pink color in shipped oysters is a yeast- 
like fungus. 

2. This pink yeast was found in large numbers in the oyster house 
and on the utensils in and about the house. Of the examinations of 
the house and utensils 73.9 per cent were positive. 

3. The yeast was found less frequently in oysters before they were 
brought to the oyster house. Of the oyster samples analyzed 26.3 
per cent were positive. 3 

4, Occasionally the yeast was found in deep and surface water 
samples from the oyster beds. Three and six-tenths per cent of the 
deep samples and 2.8 per cent of the surface samples were positive. 

5. The yeast was not found in mud samples from the bottom of the 
bay. 

6. The yeast is elliptical, measuring 6 by + micra. It reproduces 
by budding and does not form spores. Staining by Gram’s method 
is peculiar. 

7. The yeast grows at room temperature (21° to 25° C.), and 
does not grow at 37° C. The best medium for its growth is dextrose 
agar, although it can be grown on gelatin, potato and blood serum, 
and in broth and milk. 

8. The yeast does not produce acid, gas, nor alcohol in carbohy- 
drate media. It inverts saccharose. It does not produce indole nor 
phenol. It reduces nitrates to nitrites and ammonia. 

9. The yeast produces a pink pigment which is insoluble in water, 
slightly soluble in alcohol and carbon disulphid, somewhat more 
soluble in chloroform, and very soluble in ether. 

10. The yeast grows abundantly in the absence of oxygen. Its 
thermal death point is 64° C. The limits of alkalinity and acidity 
for its growth are —0.8 and +10.5. It grows best between +0.3 and 
+2.0, It resists drying for at least 100 days. 
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11. Formaldehyde gas, 1 part to 2,500 parts of water (0.04 per 
cent solution), kills. the yeast. 

12. The pink yeast belongs to that group of yeast-like forms called 
Torule. Since the complete life cycle of the Torule is unknown they 
are placed among the Fungi Imperfect. 

13. The principal source of contamination of oysters with the pink 
yeast is in the process of handling in the oyster house. 

14. The shell pile of the opening house is a favorable place for the 
yeast to grow, and when the shells are later deposited on the oyster 
beds they serve to distribute the yeasts in the water. 

15. For the purpose of preventing the infection of opened oysters 
by the yeast, the house and utensils should be washed occasionally 
through the opening season with a 1 to 2,500 formaldehyde solution 
(formalin, 1 to 1,000). 


BIBLIOGRAPHY. 


1850. FRESENIUS. Beitr. Mykol., Frankfort, 1850-63. 

1872. ScHROTER and Coun. Beitr. Biol. Pflanz., 1: 110. 

1879. Pasteur. Etudes sur la biére. 

1886. Ervine. Oversigt Finska Vet. Soc. Forhandl., 28. 

1887. LinpNER. Wochschr. Brau., 4: 853. 

1889. Laurent.. Centr. Bakt., 5: 794. 

1890.. Demme. Centr. Bakt., 9: 271. _ 

1890. Kayser. Le Cidre, 3: 371. 

1890. VAN DER HULLE and VAN Lager. Abst. in Wochschr. Brau., 8: 984. 

1891. Kramer. Abst. in Chem. Centr., 2: 707. 

1892. Krurecer. Molkereizeitung Hildesheim, nos. 34-88. 

1892. Warp. Abst. in Wochschr. Brau., 19: 75. 

1894. Fiscurer and Breseck. Zur Morphologie, Biologie u. Systematik d. 
Kahmpilze d. Monilia candida Hansen u. d. Soorpilze. Jena. 

1895. PxrcLion. Staz. sper. agrar. ital., 28: 369. 

1896. Bay. Centr. Bakt., 2: 259. 

1896. Swan. Centr. Bakt., 2: 1. 

1898. Hansen. Centr, Bakt., 4: 862. 

1899. Metssner. Centr. Bakt., 5: 232. 

1900. RermnmANN. Centr. Bakt., 6: 131. 

1902. Hansen. Compt. rend. trav. lab. Carlsberg, 5: 68. 

1903. Hartmann. Centr. Bakt., 10: 463. 

1903. Herzoc. Z. physiol. Chem., 38: 396. 

1903. JANSSENS and Mertens. La Cellule, 20: 351. 

1912. Kuiern and Gorpan. Centr. Bakt., 35: 601. 

1914. Barres and Rounp. The Occurrence of Pink Color in Shucked Oysters 
Noted During the Fall of 1914. U.S. Dept. Agr., Bur. Chem. Prelim. 
Rept. (unpublished). 

1914. Henricr. J. Med. Res., 30: 409. 

1916. CHapmMaAN. Biochem. J., 10:548. Bull. Inst. Pasteur, 15: 616. 

1917. Wetts. Vermont Exp. Sta. Bull. 208. 


WASHINGTON : GOVERNMENT PRINTING OFFICE : 1920 


Bul. 820, U. S. Dept. of Agriculture. PLATE I. 


F—29653A 
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INTRODUCTION. 


Jack pine‘ is a very frugal tree in its climatic and soil requirements. 
The northern limit of its natural range is within 14 degrees of the 
Arctic Circle and the southern is marked by the southern shores of 
Lake Michigan. No other North American pine grows naturally so 
far north and all the others grow farther south. It develops commer- 
cial stands and reproduces itself on dry, barren, sandy ridges and 
plains unsuited to other native trees. The seed germinates more 
quickly and grows more rapidly in its early years on lumbered and 
burned-over forest land and on idle, worn-out, cleared land than the 
other pines occurring within its range. On good soils or on poor soils 
with a cover of moisture-conserving mulch resulting from forest 
growth it gives way to longer lived species. The fires which are com- 
mon on jack pine lands burn off the litter, keep the soil impoverished, 


1 Jack pine was described under the name of Pinus divaricata by Du Mont de Courset in 1802, and a year 
later by Lambert as Pinus banksiana (named after Sir Joseph Banks). From the latter are derived the names 
Banksian and Banks pine, by which names the tree is commonly known in Europe and in European 
forestry literature. Lambert’s description of it was from a tree planted in England some time in the eigh- 
teentheentury. The latter name is more widely used than the former, especially in Europe, but by the law 
of priority in nomenclature P. divaricatais the correct name. The term divaricaia, meaning spreading apart 
or forked, is especially appropriate for jack pine trees growing in the open. The following common 
names are applied to the tree in different parts of the country: Scrub pine, general; gray pine, Vermont, 
Minnesota, and Ontario; jack pine, Lake States and Canada; Princess pine, New Brunswick and Nova 
Scotia; black jack pine, Wisconsin; black pine, Minnesota; cypress, Quebec to Hudson Bay; Canada horn- 
cone pine; check pine (probably a corruption of jack pine); Sir Joseph Banks pine, England; juniper, 
Canada; Banksian pine, European literature; Labrador pine; and Hudson Bay pine. 
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and prolong the tenure of jack pine over extensive areas of sandy 
ridges and plains. There are large areas with poor soil and severe 
climate, especially in Canada, on which jack pine is the permanent 
forest growth. It is, therefore, one of the characteristic forest types 
of the North.! 

In the Lake States jack pine produces chiefly small-sized, knotty 
lumber, much inferior to that from the Norway and white pines which 
grow withit. It has, however, good possibilities of profitable utiliza- 
tion for pulpwood, box boards, mine timbers, and other low-grade 
material, Its rapid growth when young, its good yields per acre on 
poor land, and the ease which it reproduces itself make it suitable 
for timber growing on a short rotation. 

Jack pine is an important tree for forest management on poor, sandy 
soils in the region of its natural distribution, and has been successfully 
planted outside of its natural range in the sand hills of western Ne- 
braska. In the Lake States there are hundreds of thousands of acres 
of poor, sandy plains-land, impoverished by fires, on which jack 
pine is a pioneer tree, forming stands by natural reproduction where 
white and Norway pine have not appeared. These two species come 
in later with improved soil conditions and under the shelter of the 
jack pine. Wherever good stands of jack pine can be secured without 
expense by natural reproduction, that is usually preferable to plant-. 
ing the land with more valuable species at considerable expense and 
with less certainty of success. 


DISTINGUISHING CHARACTERISTICS. 


Jack pine has leaves in bundles of two, from ? to 13 inches long, flat, 
or slightly concave on their inner ee and iSaroemded by a short ~ 
sheath. The cones are from 14 to 2 inches long, oblique at the base, . 
sessile, erect, and strongly incurved, with thick, soft scales, armed with 
minute, incurved prickles which usually fall away. (See Pls. I and IT.) 

The only other two-leaved pine with which jack pine is likely to be 
confused is the lodgepole (Pinus contorta). The ranges of these two 
species overlap slightly in central western Alberta.? Their leaves are 
about the same size, and their conesareverysimilar. Thecones of both 
are curved, but those of jack pine are erect or pointing in the direction 
of the end of the twig, while those of lodgepole are horizontal er declin- 
ing, pointing upward or even backward. Jack pine is further dis- 

1The growth, yield, form, and volume tables which are the chief basis for this bulletin were compiled 
mostly from measurements taken in 1905 on pure, dense, even-aged stands of jack pime in Hubbard 
County, Minn., by Prof. H. H. Chapman, of the Yale Forest School. The bibliography of data used and 
reports consulted in the preparation of this bulletin is found on page 34 (appendix). 

2““The lodgepole is ordinarily confined to higher elevations in Alberta. The upper portions of river 
slopes will be occupied by lodgepole pine, while the lower slopes and bottom lands may be covered with pure 
jack pine. As the river is followed into the hills the lodgepole pine gradually replaces the jack pine on the 


lower levels and finally occupies the whole river bottom and side slopes. ’’—I:xtract from a letter by R. H. 
Campbell, Director of the Canadian Forestry Branch. 
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tinguished by absence of permanent prickles on the cones. Most 
characteristic, however, is the position of the cones. In jack pine the 
cones are subterminal; that is, they grow near the ends of the twigs. 
In lodgepole pine the cones are lateral; that is, they grow on the sides 
of the larger twigs. 

RANGE. 

Jack pine ranges from the southern shores of Lake Michigan to 
latitude 65° on the Mackenzie River, and from Nova Scotia to the 
southeastern corner of Yukon Territory and northeastern British 
Columbia, extending nearly to the foothills of the Canadian Rockies. 
(See fig. 1).1 Its range east and west is some 2,500 miles; its north 
and south extension is 1,600 miles, and averages about 600 miles along 
any meridan. 

In the United States jack pine ranges from western Maine through 
northern New Hampshire and northern New York, and extends north 
from northwestern Indiana, northeastern Illinois, through most of 
Michigan, Wisconsin, and Minnesota. It has also been extensively 
and successfully planted in the sand hills of western Nebraska. Its 
occurrence in commercial stands in the United States is limited to cer- 
tain parts of the Lake States—the Northern Peninsula and the north- 
ern half of the Southern Peninsula of Michigan, the northern half of 
Wisconsin, and the northern half of Minnesota east of the ninty-sixth 
meridian. In the eastern States it is always a small tree occurring in 
small, widely scattered groups on sandy barrens. 

In Canada jack pine has a much greater range and is of more impor- 
tance commercially than in the United States. It occurs most 
abundantly in northern Ontario and Quebec, and in Manitoba, Sas- 
katchewan, and Alberta. In the region west of Lake Winnipeg it 
reaches a fine development. It is found north of the Saskatchewan 
River asfar west as Fort Assiniboine, and extends north into the valley 
of the Mackenzie River. It is one of the most abundant trees in the 
extensive but largely noncommercial forests which cover northern 


Canada. 
GEOLOGY AND CLIMATE OF THE JACK PINE REGION. 


The soil in which jack pine occurs in southern Canada, New Eng-— 
land, New York, and the Lake States is largely of glacial origin, 
deposited and spread out by the waters of the melting ice sheet in 
the last glacial period. To the north, including portions of northern 
Minnesota and throughout most of its range in Canada, the country is 
for the most part a region of crystalline rock (granite, gneisses, and 
schists) severely glaciated and denuded of its mantle of original 
alluvial soils and only partially covered with thin, light soils of recent. 


{ 


1Botanical range outlined by W. H. Lamb, of the Section of Forest Distribution; commercial range in . 


Canada furnished by R. H. Campbell, Direetor of the Canadian Forestry Branch; and for the United 
States by the author. 
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origin developed by the weathering of the underlying rock. This is 
the ‘Great, Laurentian Shield,” which comprises over 50 per cent of 
the area of Canada and extends from the northwest arm of the-Lake of 
the Woods, northwestward and northward to the mouth of the Mac- 


FIGURE 1, 


DISTRIBUTION OF 


JAG EINE 
iCommercial Range 


iBotanical Range 


kenzie River, the Arctic Ocean, and the mouth of the Winnipeg River, 
and eastward through Ontario, Quebec, and Labrador. (See fig. 1.) 
Lakes, rivers, and swamps alternate with low hills and plateaus, which 
show a remarkably even sky line. The network of waterways extends 
throughout the region. The soil is found mostly along stream 
valleys (alluvial), on the southern exposures of ridges (glacial sands 


Bul. 820, U. S. Dept. of Agriculture. PLATE III. 


F-61393 


FiG. 1.—TYPICAL OCCURRENCE OF JACK PINE IN MIXTURE WITH NORWAY AND 
WHITE PINE AND SCRUBBY SCARLET OAK ON EDGE OF PLAINS TYPE. 


F-60914 


FIG. 2.—YOUNG STAND OF JACK PINE AND THE OLD SEED TREES WHICH 
PRODUCED IT. 
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Fig. 2.—JACK PINE, 40 YEARS OLD AND 56 FEET HIGH, 


F—32820A 


Fic. |.—JACK PINE, 85 YEARS OLD, OVERTOPPING BUR OAK, 


SLIGHTLY OVERTOPPING POPPLE, OF SAME AGE AND 48 FEET 
HIGH, ON SANDY, JACK PINE SOIL IN ADAMS COUNTY, WIS. 
The popple was more severely damaged by fire 12 yearsago than was the jack pine. 


ADAMS 


100 YEARS OLD, ON SANDY, JACK PINE SOIL, 


COUNTY, WIS. 


common occurrence. 
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and gravels), and collected in pockets. There are immense areas 
barren or valuable only for timber growing. 

Jack pine is distinctly a tree of cold climates. Great variations of 
temperature take place within its range, and it occurs, for instance, 
where the winter temperature is often 60° F. below zero and the 
summer heat sometimes over 105° F. above. The growing season 
within its range varies from two to four months. 

The heaviest rainfall of the jack-pine belt is in parts of Nova Scotia 
and New Brunswick, where it usually amounts to from 20 to 40 inches 
annually. The precipitation in the western portions of its range 
varies from 14 to 29 inches a year. Although essentially a dry-land 
tree, jack pine demands a climate with a moderate rainfall and 
produces the best stands where the annual precipitation is about 25 
inches. Snowfall is generally abundant throughout its region. of 
distribution, and protection is thereby afforded to the ground and 


the young growth. 
FOREST TYPES. 


Jack pine occurs chiefly in the following forest types: (1) In pure 
stands, on what is known as jack-pime land; (2) in mixture with 
Norway pine, on Norway pine land; (3) in mixture with white pine 
and other species, on white pine land; (4) in mixture with poplar 
(aspen); (5) in coniferous swamps and muskegs. The first and the 
last of these forest types occur throughout the range of the species, 
while the second and third are limited to the United States and the 
southern part of Canada. In general, the types in which jack pine 
occurs are relatively transient ones, as this species perpetuatesitself in 
nature largely through the accidental agency of fire. (See Pls. II, 
IV, and V.) 

JACK PINE LAND. 

Land composed of poor, medium-to-coarse sands or land which is 
impoverished by fire and on which Norway or white pine does not 
readily spring up and thrive is the kind on which pure or nearly pure 
stands of jack pine constitute one of the principal forest types of the 
North. Even on this land, if for a number of years fires are exciuded, 
soil and humus conditions improve and jack pine gradually gives way 
to the longer-lived and more persistent Norway pine, or in some cases 
to spruce. In the Lake States this land is usually known as “jack 
pine plain” because of its comparatively flat topography. In 
Canada it is usually known as “‘jack-pine ridge,” although often it is 
only a few feet in elevation above the level of the coniferous swamp or 
muskee. In the Lake States the ‘jack pine plain” in many cases 
formerly supported a good growth of Norway or white pine and the 
process of reversion to these species is now going on. On the border 
of the prairie region in Minnesota and Manitoba, “‘jack-pine prairies” 
occur which have only a scattering growth of small jack pine trees. 
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Jack pine is found in mixture with Norway pine on fresh-to-dry 
flats and ridges of fine sand, jack pine sometimes composing one-half 
the stand. 

WHITE PINE LAND. 

On moist flats of very fine sand and silt, where white pine thrives, 
jack pine occurs sporadically as a subordinate tree. After lumbering 
and burning on these lands, however, jack pine may take possession 
and for a while form the dominant growth. 


JACK PINE AND POPLAR (ASPEN). 


Considerable areas bearing jack pine and poplar (aspen) are found 
in the western part of the range of jack pine in Canada. The type 
varies ‘from jack pine scattered in poplar to poplar scattered in jack 
pine. In these areas the jack pine is usually of very good growth, 
since it occupies better soils than it usually does.’’ 


= CONIFEROUS SWAMPS AND MUSKEGS. 


In the Lake States jack pine grows only occasionally in swamps, 
but toward the north, as the number of tree species inhabiting 
muskegs gradually decreases, the proportion of jack pine in them 
becomes larger. However, in:this type the jack pine is seldom of © 
commercial importance. 

Tables 29, 30, and 31 (appendix) show what species occur, more or 
less abundantly, with jack pine in the Lake States and in Canada on 
land where it is the prevailing tree. The appearance of tamarack 
and ash in Table 29 indicates that the edge of a swamp was included 
in some of the acres measured, as these species are not found in any 
of the jack-pine forest types. 


SOIL, MOISTURE, AND LIGHT REQUIREMENTS. 


Jack pine is primarily a tree of light, dry, medium to coarse, 
thoroughly drained sands and gravels. It is confined to geological 
formations which contain no limestone.? One of its important char- 
acteristics is its ability to reproduce and grow fairly well on thin, dry, 
sandy uplands where other species will not grow. Jack pine grows 
best, however, on fairly deep upland flats, where the drainage is good 
but the water table fairly near the surface. This is really Norway 
pine land, from which Norway pine usually crowds out the jack pine 
if fires are kept out.? (See Pls. V, VI, and VIL.) 


1 Extract from aletter by R. H. Campbell, Director ofthe Canadian Forestry Branch. 

2 See B. Moore in Vol. XVII, p. 887, of the Journal of Forestry. 

3 Table 17 (appendix) indicates that in northern Minnesota jack pine stands occur prevailingly on me- 
dium to coarse sands, Norway pine stands on fine sand, and white pine stands on very fine sands and silts. 
(Medium to coarse sands comprise in a large degree the ‘‘Soils of the Laurentian country in Canada, where 
jack pine reaches its best development.’’? See Forestry Quarterly, Vol. IX, No. 1, p, 7.). 
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Most of the soil on which jack pine occurs has little or no accumula- 
tion of humus. Accumulation of humus would mean, in some cases, 
improved soil conditions and the ousting of jack pine by more per- 
sistent, longer-lived species. 

Jack pine requires at least 10 per cent of water in the soil for its best 
growth. On very dry soils young stands of jack pine may do well at 
the outset, but the growth is not sustained, the trees do not reach 
large size, and the stand becomes more open because of competition 
for soil moisture. To a limited extent jack pine grows in swamps 
also, but in a stunted form. 

Jack pine is intolerant of shade, somewhat more so than Norway, 
and considerably more so than white pine. For this reason it is 
unable to reproduce itself under the shade of mature trees. Jack pine 
stands which are dense up to the age of from 30 to 50 years thin out 
rapidly thereafter even on good sites. On lands suited to white or 
Norway pine, but which become seeded up to dense stands of jack 
pine following lumbering and fire, these species, through their 
superior tolerance and persistence in growth, gradually seed in and 
push themselves up through the jack pine and kill it out entirely, not, 
however, before the jack pine has reached merchantable size. 


FORM AND DEVELOPMENT. 


In dense stands jack pine is a tall, slender tree, with a short crown‘ 
and along bole. In open stands it tends to develop a dome-shaped, | 
wide-spreading crown and a short bole. The dead branches are very 
persistent, normally remaining on the trunk from the live crown 
almost to the ground during most of the life of the tree. 

The size of a mature jack pine tree varies greatly in different 
portions of its range. In northern and western Minnesota, where 
jack pine forests attaim their best development in the United States, 
dominant forest-grown trees which reach maturity when from 80 to 
100 years old are usually from 60 to 80 feet tall and from 10 to 15 
inches in diameter at breast height. Older trees are frequently found 
which are 85 feet high and 15 or 16 inches in diameter. Trees 90 
feet in height and over 20 inches in diameter are sometimes found, 
but these are the exception, and indicate better soil conditions than 
usually obtain where jack pine grows. After reaching 80 years of 
age, and sometimes sooner, jack pine deteriorates rapidly. 

On the jack pine plains in the northern half of the Southern Penin- 

-sula of Michigan there are many miles of pure. young jack pine forest 
im which there are few, if any, trees over 75 feet in height or more than 
14 inches in diameter. Frequent fires have thinned many of these 
stands and as a result large numbers of the trees are scrubby and 
branchy. On the Michigan National Forest in the Lower Peninsula 
jack pine averages from 4 to 6 inches in diameter and from 30 to 40 
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feet in height, and only infrequently is it found over 8 or 9 inches in 
diameter and 50 feet in height. The small diameter of the trees is 
explained by the fact that most of the stands are comparatively 
young. In the Upper Peninsula of Michigan jack pie stands occur 
on better soils and are favored with a heavier rainfall than are those 
found in the lower peninsula. Therefore the average size of the 
trees is larger and the quality is better. Trees have been found here 
18 inches nd over in diameter, 90 feet in height, and 150 years of 
age. (See Pl. VIII.) Most of Ve stands are, however, composed of 
young and small trees. 

On the eastern outskirts of its range in New England where a few 
jack pine groves occur, the height of the trees is usually only from 
15 to 20 feet. These groves are composed of comparatively young 
trees. In Nova Scotia and eastern Canada also this species is of 
small size. 

In the region north and west of Lake Superior and west of Lake 
Winnipeg jack pine reaches its best development. Here it is occa- 
sionally 90 feet in height and 20 inches in diameter. North of Lake 
Winnipeg it seldom exceeds 8 inches in diameter and 50 feet in height. 

Tables 18 to 28 (appendix) indicate the form and growth of jack 
pine trees in regard to width of, crown, thickness of bark, taper, and 
volume expressed in different units of measure. 


ROOT SYSTEM. 


On deep, sandy soil where the water table is low, jack pme produces 
a-long characteristic taproot. On loose soil the lateral roots spread 
outward only a short distance and then descend parallel to the tap- 
root. During the first year seedlings on this quality of soil send a 

aproot down from 6 to 12 inches, and develop very few laterals. 
(See fig. 2.) On better soils a widely branched, surface-feeding root 
system is developed early because of the relatively large amount of 
food and moisture near the surface. At the same time a more or 
less pronounced taproot is sent down, though this does not develop 
as rapidly as on sandy soil. On shallow and wet soils jack pine 
develops only lateral roots. : 


RATE OF GROWTH. 


Tables 1 to 8, melusive, indicate the rate of increase in diameter 
and height of since trees of jack pine growing in different regions 
and fader difezent conditions. 


1See Forestry Quarterly, December, 1916. 
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3 F—34752A 


FIG. |.—TYPICAL JACK PINE PLAIN OF VERY SANDY SOIL. 


F-75101 


Fig. 2.—TyYPICAL GROWTH OF JACK PINE ON JACK PINE PLAINS IN MICHIGAN. 
STAND DENSE IN SPOTS AND OPEN IN OTHERS. 
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FIG. 2.—FIFTY-FIVE-YEAR-OLD STAND ON PURE SAND, 


F-64793 


Fig. 1.—FORTY-FIVE-YEAR-OLD STAND ON CLAY SOIL, 


SHOWING WELL-CLEANED BOLEsS. 


IS TYPICAL OF GOOD 
Note lack of undergrowth ons 


SHOWING UNDERBRUSH WHICH 


Also trees thinning out and growth 


andstill. 


HUBBARD COUNTY, MINN. 


andy site. 
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SOILS WHERE THERE HAS BEEN NO FIRE. 


DENSE STANDS OF JACK PINE ON CLAYEY AND SANDY SOILS. 
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STAND 150 YEARS OLD AND TREES I0 TO I8 INCHES IN DIAMETER, 70 TO 90 FEET HIGH, AND 30 TO 50 FEET CLEAR LENGTH, 


ON Low SANDY RIDGE BETWEEN SPRUCE-IT AMARACK SWAMPS. 
A very exceptional stand of jack pine in regard to size and age and quality of the timber. Overmaturity is indicated by the unhealthy appearance of the 


crowns. 
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. Fig. 2.—Three-year-old jack pine 2 feet high showing well-developed root system with 


Jong tap root. 
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TaBLE 1.—Rate of growth in diameter and height of jack pine, in dense stands and of 
isolated or nearly tsolated trees, in Hubbard County, Minn. 


Isolated or nearly iso- 


Trees in dense stands 18 to 99 years old. lated trees 22 to 82 
years old. 
Age. 
Average. Maximum, Average growth. 
D.b.h Height D.b. h. Height. D.b.h Height 
Years. Inches. Feet. Inches. Feet. Inches. Feet. 

10 Ree oe ai qa ee et ee 1.2 9 1.8 19 is Z BS A) 
Tos See oe eae oS Geis a GREE Coe 3 16 3.8 25 3.5 22 
20 eee ob ee eee 3.3 22 5.5 33 5 i 29 
DOs ee Se cee 3 A ee aR op a 4.0 28 6.9 38 6.6 35 
BO Ric eae ee ec Be: 4.6 33 Ved) 42 7.9 39 
DO wes Se eae Soe ee er 5.1 38 8.8 46 9.1 42 
CAA ER ER aa ea Sede ee 5.6 42 9.5 50 10.2 44 
ABs era wen, Mae ee 6.1 45 10.2 53 11.1 46 
DY) Se See ete cases eee esas 6.5 48 10.9 56 11.8 47 
LES re epee mieneae Maen | Fein k, 6.9 51 11.5 59 12.5 47 
G0 Ste lhees -Asees co ee 7.3 54 12.1 62 13.1 48 
602 Be Be cace al ee 7.6 57 12.7 65 1357, 49 
FAO ers tens Rie es Ree ee ade RTE Capers Ay Ser 8.0 59 13.3 68 14.2 49 
Cesena ee See ets aa Se eae 8.3 62 13.9 70 14.8 50 
6) Ne ers Oe a So Ae EE 8.7 64 14.5 1?) 15.3 59 


Based on 604 trees, 18 to 99 yearsold. Measurements by H. H. Chapman. 


Table 1 indicates a much faster diameter growth of isolated and 
partly isolated trees than the average growth of trees in dense 
stands—faster even than the average growth of predominant trees in | 
such stands. 


TaBLE 2.—Rate of growth in diameter and height of jack pine in Cass County, Minn. 


Average. Maximum. Average. Maximum. 
Age. | piameter Diameter Age. | Diameter Diameter 
breast | Height. | breast Height. breast | Height. | breast | Height. 
high. high. high. high. 
Years. | Inches. Feet. Inches. Feet. Years. Inches. Feet. Inches. Feet. 

i eouocad|esesoup5nc Si) laasasoaoss 12 Geet oes 8.4 63 11.1 72 
LOE Sees 0.6 10 1.4 20 iO 2eece 8.8 65 11.6 74 
eeece Be Uo) 16 2.8 28 (fits ee, 9.2 68 aah 76 
202 eee 2.4 23 4.1 35 BOLzeeas 9.6 70 12.6 78 
Deze 303} 30 5.3 41 Soa 10.0 71 13.0 80 
BOs cee 4.2 30 6.3 47 90 Sears 10.4 73 13.4 82 
SOEs e meen 5.0 40 lee 52 Uy aaa 10.8 74 13.8 83 
402 cieaee 57 45 8.1 BY Nl OD cssec 11.2 75 14.2 85 
AB sweseack 6.3 50 8.8 ibe i) LO Bose 11.6 76 14.6 86 
HOM er 6.9 53 9.5 G42) AO ee ee 11.9 77 15.1 88 
Ohebeses ee od iV/ 10.1 679) mul pee 1753} 78 15.5 89 
(310 ee 7.9 60 10.6 TAD DS oe 12.6 79 15.9 90 


Based on 52 trees 69 to 124, averaging 93 years old, and 7 to 16 inches in diameter, the trees having been 
cut forsaw logs. Measurements by J. St. J. Benedict. 
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Tani4 3.—Rate of growth in diameter of second-growth jack pine in northern Minnesota, 


| 


Diameter breast high. Diameter breast high. 


Age. Age, 

Maximum.} Average. Maximum.| Average. 

at | 

Inches Inches Years | Inches. Inches. 

Rp areree Watt eetatsia elu avainfaja'a(a!| sini» e(6 elaistaa Ae eae sere BU wiaininivis’sisinisisie siaiste ptaretn aca bil 5.7 
1.8 Lede MAG peels oes aN | 8.6 6.5 
3.6 wad PD ee tee Pte aes eet te iene | 9.5 7.3 
Re 3.8 AD ent acin state rele vale Gee tes as 10.3 8.1 
6.5 4.8 BU barn toneraretwra:bialky Croke ctaye em arene | li. 1 8.9 


Notr.—Based on decade measurements on 46 1-foot stumps 32 to 51 years old. Measurements by J. St. J. 
Benedict, in Cass County, Minn. 


TaBie 4.—Rate of growth in diameter and height of dominant jack pine trees in Craw- 
ford and Roscommon Counties, Mich. 


Average dominant | yroximum growth. Average dominant | yyo.imum growth. 


growth. growth. 
mec |p Diamet me at tee Diamet 
iameter lameter lameter lameter 
Total Total : Total Total 
breast = breast . breast : breast : 
high. height. high. height. high. height. high. height. 
Years Inches Bee Inches Feet. pecs duchies jag Inches Feet 
> aso ese Sos seach = | e-4F isecosscced lieu  oCS NS Gh aaa sae 7 5 Dr: 
BOP oie ce 0.8 8 1.5 13 GOES. 8.8 58 11.5 70 
11g eee 2.0 15 BBP4 22 Goleen es 9.2 61 12.0 72 
a 3.1 22 4.8 31 Tis aeanen 9.6 63 12.4 74 
rs ak eee 4.2 28 6.3 39 eee 10.0 64 12.8 75 
55 eee 5.2 34 7.5 45 BOs eae oe 10.3 65 13.1 76 
5 See 6.0 39 8.4 51 Bonne 10.7 66 13.5 77 
ya 6.7 44 9.3 56 GO es 11.1 67 13.9 78 
AE Sans (633 48 9.9 61 QD a2ctie 11.5 67 14.3 79 
i? eee 7.9 52 10.5 64 10 Se 11 8 68 14.7 80 


Diameters based on decade measurements on 122 1-foot stumps 25 to 104 years old. It was assumed 
that it would take 4 years to grow to a stump height of 1 foot. 

Heights based on sectional age counts on 150 trees 25 to 104 years old. 

Measurements by T. H. Sherrard, 1901. 


TABLE 5.— Measurements’ on 13 trees in a dense young stand of jack pine on sandy pine. 
plain in the Upper Peninsula of Michigan. 


[The trees were cut for pulpwood in 4-foot lengths and taken to a top diameter of 4 inches, with an 
average of 122 pieces per cord. See Pl. XII.] 


| 


Average. | Maximum.} Minimum. 
I Gino eende SCORDOCOSCCUCE BSE ODS CER BOC SCRCCRERB OC crt nD Bctrine years... 47 55 40 
PEREIRA eter te crareralernie afclareleje aia = eivialars leis eveisiasinate Lacie adeekias osece% feet .. 50.8 57 44 
ERT CLEP DIGASEOISTIn = osc cm neces sarc oa saiee ee otce us inches... 6.9 9 5.5 
Volume in board feet (possible mill cut of round-edge pastoral) eye feat. 28 60 15 
(ML 3 Te LIGAMENTS et Sees ch ae Ce pe feet. . 0 0 0 
ercbann Bblelensthse a. cman asec As ce cete es sae cme feet _. 31.6 44 24 
Nem per of 4-foot Sticks per trees .o<c2.65. cs. ssecceecscese wees as ose - Shee] ll 6 
i 


1 Measurements by Huber C, Hilton, 1918. 
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TaBLE 6.— Measurements’ on 22 trees in a fairly dense, somewhat mature to overmature 
stand of jack pine in the Upper Peninsula of Michigan. 
[The trees were cut for saw logs. Stand located on a low sandy Bide, slightly elevated above a muskeg 


swamp on one side, and above a lower area of spruce, tamarack, and some jack pine on the other. 
oy: coarse sand underlaid with clay subsoil. See Pl. VIII.j 


Average. |Maximum.| Minimum. 
INGO oe cL ae ee eile ie wae we are) SRR ye meyer DU years... 104 125 68 
Height: 22.0. Nese sa seseeg Sines satire Hao eee Saas tie ates eee feet. - 72. 5 88 61 
Diameter, breasthighs sees hive anes ee keene e seen eae inches... 12.2 17 9.g 
Volume in board feet, Scribner decimal rule..............-......... 128 290 50 
Volume in board feet (mill scale of possible round-edge) eS 175 430 90 
Clearlength nee hoe a eee aoe eee eee eee oe eee feet .. 34 50 6 
Merchantablelerrat nei aan pyaar pe eee ae do.... 46.4 60 32 
Num bertof 1G-LO0P TOSS 75 fee eee Se ea Ge RS ee ene 3 32 2 


1 Measurements by Huber C. Hilton, 1918. 


TaBLE 7.—Rate of growth, in diameter and height, of jack pine, on good sites in western 


Ontario. 
Diameter Diameter 
Age breast Height. Age. breast Height. 
high. high. 
Years Inches. Feet. Years. Inches. Feet. 

SE A hc es SES en Seana eho 1.5 GONSS ae ea oa ee 11.7 64 
3 Oe Sen se ee eer ce NL 0.8 8 Gd! SaaS SS ee ee 12.4 67 
1 ERR UPS ey ee a ele oe 2.0 17 TOs es Rs ae 13.0 70 
VA) Sais AVAL Oe Ia a Ace eat tos _ 4.0 28 LDS oe eR RE, NO Oe 13.5 72 
Dy eos Bi TS esc aee ee ee 5.8 36 BOS a ee eee 14.0 74 
Pa SI et tL erate teers oe 7.1 * 42 cme Galt ee Mie emi 14.5 76 
PYG ses VNU ik EY race A 8.1 46 QO ee ee eR eal 14.9 q7 
CURR apn ONES Bae cin 8.9 50 OD! sist bet eae a es 15.2 79 
Ayia Mica Bei tp syste eee tees 9.6 54 LOO es eee ee 15.6 80 
OO Sate Re NING A ay eae ee 10.3 58 1052. 3 hee eee “15.9 81 
Eye pe a tl HU 11.0 61 DAO 53) ep Sth NS ee see ee 16.2 81.5 


1 From an article by L. M. Ellis, in the Forestry Quarterly, for Mar. 1, 1911. 


Based on 100 trees. 


TABLE 8.—Average rate of growth, in diameter, of 50 representative jack pine WER on 
the Riding Mountain Reserve, Manitoba, Canada. 


Diameter peel 
reasthig’ reasthig. 
Age. (outside Age. (outside 
bark). bark). 
Years Inches. Years Inches. 
LO eee Lo a ie Mes Sa oy Rene ee ne 025 NCOs ae scion een eee Bits 10.1 
20s eB ee ee ae ee a ee ee 2.8 NOLS See Skee EEE ee ee 11.0: 
1 er ap i tee en Re Os Te eee ae yer Sl eats ee eee oer Seach ue oe Me oe Meee 11.7 
BO ee Sema d ok Saleaelee a acl mrseetneecte mite To 38 OO See ee ee eee a ee 12. 2. 
FOE ASD Aa Net nee ees eee aa 85-8 || L005 ccs. 0 eee hea e ee ener 12.6. 


1 From Bulletin 6, ‘‘Wood-Using Industries of the Prairie Provinces,” of Canadian Forestry Branch. 
This bulletin states that: ‘‘Jack pine in closed stands on the Riding Mountain Reserve reaches 60 to 80 
feet in height by 12 to 18 inches in diameter, with straight, clear trunks yielding a good grade of saw and 
tie Eunher. pe Une open grown they are a mass of limbs right to the ground, and of little value, 
even for firewoo 


Table 3, relating to trees grown in Cass County, Minn., shows a 
less rapid diameter growth than Table 2, which refers to other trees 


grown in the same county, probably because those covered in Table 
3 are comparatively open grown, thrifty second growth. 
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Table 4 indicates the average dominant and the predominant. 
erowth on jack-pine land of good quality in the northern part of the 
Southern Peninsula of Michigan. 

Tables 5 and 6 indicate the development of jack pine in dense 
stands on good sites in the southern part of the Upper Peninsula of 
Michigan. 

Table 7 indicates the rate of growth on good sites in western 
Ontario, a region very favorable to the growth of jack pine. 

Table 8 shows the growth on poorer soil in Manitoba. 

Tables 9 and 10, which are not comparable with Table 1, being 
based on different data, show the average growth and yield at dif- 
ferent ages of dense, even-aged, unmanaged stands of jack pine on 
sandy soils in Hubbard County, Minn. These stands have been 
more or less damaged at one time or another by ground fires which 
were not sufficiently severe to kill many trees, but which without 
doubt appreciably lessened the vitality and rate of growth of a large 
number of them. 


TaBLeE 9.—Rate of growth and yield per acre of pure, even-aged, densely stocked stands of 
jack pine in Hubbard County, Minn. 


SITE QUALITY “GOOD.” 


Average. 


Trees per acre. sees 
asa 
Age. area. D.b.h. | 


Total 5inches |10inches| 5 inches | 5 inches 
* Jand over.| and over.| and over. | and over. 


Years. Number. | Number.| Number.| Sq.ft. Inches. Feet. Cu. ft. 
Oop cea oa OR 1,120 Ddcphin Geen ae: 15 5.4 30 730 
ed ere af lates te cle neitcicc acces 839 1a Yo Ce a 28 5.8 37 1, 090 
BU iceited PeGe CeO eee aaa 672 28E Ok ssce ches 57 6.1 43 1,630 
A) no eaee be: Bioce Coe ee eee Seer 565 391 7 90 6.5 48 2,480 
A ere ee cind coisas sewaloe 485 404 26 102 6.8 52 2,970 
Arye eas ee bane as okies 432 393 39 108 toil 56 3, 260 
GQ Soi eke ee enc ane ee 3938 382 45 lil 7.3 60 3,470 
ER as Seo as siclacre tat eiscleteie 374 371 48 114 7.5 63 3, 660 
Tec ccanne aR Beer eee 358 358 51 115 Teel 66 3, 840 
CO ee CERI OEE Ee eee 345 345 53 116 7.8 69 4,010 
PAUP EE tytn. sae See 332 332 53 116 8.0 71 4,180 


SITE QUALITY “POOR.” 


Br ee eter elec dy eyed 1,400 viltp sb emer s=3 10 5.1 29 660 
Rina ere ChE oT CS 1,091 TSG eee 22 5.4 35 930 
eee pees Saks se as. 846 205.7 ae ans 36 5.7 40 1, 250 
net donee ee 698 70) Glee ad 53 5.9 44 1,590 
ROR Sn gh eS 602 50M ley aa tas te 67 6.1 48 1,900 
1 oS ce al HN 537 S60h eee ce 78 6.3 51 2,180 
GO. Sooke ale Se el ee ena 490 373 6 86 6.5 54 2) 430 
T) eo gex Soman ae a 450 376 17 92 6.7 56 2; 660 
AG.) by ae ee aaa 412 374 25 97 6.9 58 2 870 
Ms sal chs 2 Ne ge 377 364 30 100 ragl 60 3, 080 


| 
1 Total volume, including bark, of all trees 2 inches and over in diameter, breast high. 
Based on 128 plots; area, 90.2 acres. Measurements by H. H. Chapman. ; 
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Taste 10.— Yield per acre of pure, even-aged, densely stocked stands of jack pine in Hub- 
bard County, Minn., calculated in cubic feet, cords, and board feet. 


SITE QUALITY “GOOD.” 


Yield per acra. 


Phees 2 inches ead Mill tally.4 —_|Scribner Decimal C.5 
Hees Trees 5 Bing 
inches 

and over. With Trees 5 | Trees8 | Trees 8 Trees 10 
park.2 Peeled.? | inches | inches | inches inches 

bse and over. | and over. | and over. | and over. 

Years. Cu.ft1 | Cords. Cords. |Boardft. | Board ft. | Board ft. | Board ft. 

Ut een eee aera tg anew sect nc amet 160 1.6 1.3 Er UU0 boil eee eel eee Uh sce ea 

TENE E OLS fam sues ale | eias Uiea 650 6.5 R. 3) 3, 200 700 SOR nies gis. 

NRE SS DERE E T  neeh el en er as 1,360 13.6 i, 6, 900 1,900 7D | oes 
ES ee hipins, EAE aii ca tell ee aera ct 2, 210 22. 1 18. 2 10, 500 3, 200 1,400 300 
(49 Sofie Laide SiS OR ea ENS 2, 800 28.0 23.1 13, 200 4,700 2,300 1,300 
ay Bes Seana ENN BENE es OS 3, 160 31.6 26.1 14, 900 6, 500. 3, 800 2, 200 
FT eee SSR ole PMc Leaks RiRe Nb 3,420 34.2 28.3 16,300 8, 600 5, 200 2, 900 
Ia Lah SUN Sr ONE eainte SUNS oe. Danie 3,640 36.4 30.1 17, 400 10, 700 6, 200 3,400 
(G1 Behe av ee ENG AD AR Sin tis ETE 3, 840 38.4 31.8 18, 500 12, 500 6, 900 4,000 
Gee eet eet ee aR ATO pe 4,010 40.1 33.3 19, 600 14, 000 7,600 4,400 
7 REPENS Spo nen pm Pee Rea 4,180 41.8 34.7 20, 600 15,300 8, 200 4,800 

SITE QUALITY “POOR.” 

DB teem hata aces Nk DR SON Un eaves So 130 1.3 Weil AG Ups aL 

Feces ene OAH ON NAR Ree heaters 470 4.7 3.8 2200) os ec cae ae eee eae secre 

Baten aot Dee Supeer Waapae net Ay ongat macy. San ed 870 8.7 teak FOOD i ecco Seem eee ne ences. 

A ee a a Beas See SSS SI 1,300 13.0 10.6 6, 200 CYTRON INS 2 OSS i en paige 

Gaus le Fe onesie ee Pee 1,670 + 16.7 13.7 8, 100 1,100 AOD | Wage we 2 

BO Beet tise ie eee eeloe aie 1,990 19.9 16.3 9, 600 2, 200 SOD ates 

acl B ahs Sa ae, aac oer As 2, 280 22.8 18.7 10, 900 3,400 1,500 300 
(iid eng tine taht payee eae ay bee Si, 2, 550 Asse 5, 21.0 12, 200 4,900 2, 500 1, 000 
Ge ES ae ON peg nce RD 2,790 27.9 23.0 13, 400 6,600 “3,800 1,600 
TO Rae Sei eae sas nese oe 3, 010 30.1 24.9 14, 500 8, 200 4,900 2,100 


1 Total volume of stem, including bark. 

2100 cubic feet equal 1 cord. 

3 Per cent of bark in total volume, 18.9 down to 16.9, decreasing with increase in age. 

4 Scaled by white-pine mill-cut table. See Table 27, in appendix. 

5 Stump height, 1 foot; diameter inside bark at top, 5.5 inches, scaled by Table 25 (appendix). 


Based on plots given in Tables 34 and 35 in the appendix. 


In these tables ‘‘good”’ quality of site indicates the better classes 
of soils which would be suitable for growing Norway pine, while 
‘‘poor’’ quality indicates those soils not so well adapted to Norway 
pine. 

Tables 34 and 35 (appendix) give the detajls of the field measure- 
ments of the plots used as the basis of Tables 9 and 10. All of these 
plots were used as a basis for determining the total cubic volume. 
The items other than total cubic volume were based on selected plots 
classified as qualities ‘‘good’’ and ‘‘poor”’ on the basis of their total 
cubic yield. This classification corresponds closely to a classification 
based on the average dominant heights of the different plots. (See 
fig. 3, facing p. 16.) The plots selected were those whose total cubic 
volumes were close to the average curves for total cubic volumes. 

Table 11 shows the growth and yield of six plots at different points 
in northern Minnesota, the data having been collected and computed 
by State Forester Cox. Under the heading, ‘‘Quality of site,” 
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these plots are compared as to cubic-foot yield with those in Hubbard 
County (Table 9), and the site quality averages ‘‘poor.’”’ One plot 
at Cloquet, Minn., ranks somewhat higher than that given under 
site quality ‘‘good”’ in the Hubbard County yield table. 


TABLE 11.— Yield per acre of six sample plots in dense, even-aged stands of jack pine on 
sandy soil in northern Minnesota.' 


| 


Plot 1, Plot 2, ae Plot 4, Plot 5, Plot 6 
Cloquet, Cloquet, anid Ferris, Bemidji, | Cass Lake, 
age 13 age 37 aa 39° age 40 age 62 age 66 
years. years. years years. years. years. 
Total number of trees........- 10, 464 586 800 460 180 252 
Average diameter breast high, 
inches.......: dacsonceeuianee 1.5 6.5 5.4 5 10 9 
Average totalheight......feet.. 16 48.5 44 48.5 67 70.5 
Yield per acre.....- cubic feet... 282. 53 3,142. 68 1,989 984. 4 2,481 3, 102 
Yield peracre.........- cords. . 3.95 44 27.8 13.78 34.7 43.43 
Yield peracre...... board feet. . 1,978 21,999 13, 925 6, 891 17, 367 21,715 
Quaghty OFSIO2. sc ecec. ss 2n5 5 2 Poor. 2 Good. 2 Poor. |2 Very poor. 2 Poor. 2 Poor. 
Average annual increment, 
CUDICHEGLS - 22 5..----2ceesce: 21.6 85 51 24.6 40 47 
Average annual increment, 
GONG SoG See peo ee eee 3 1.19 0.7 0.34 0.56 0.66 
Average annual increment, 
BOAT OMEG tia cic..o. o.cicerare oy male 152 593 357 172 230 330 


1 From data collected and computed by the Minnesota Forest Service in 1913. 
2 Compared with cubic-foot yields in Hubbard County, Minn. See Table 9. 


Table 12 shows the growth and yield of 12 plots in typical stands 
in Adams County, Wis., on sandy soils covered with pure stands of 
jack pine. Under the heading, ‘‘Quality of site,’ these plots are 
compared as to cubic-foot yield with those in the Hukbard County 
yield table (Table 9), and the site quality easily averages ‘‘good,”’ 
some of the plots ranking much higher than the site designated as 
‘“‘oood’’ in Table 9. 


TaBLE 12.—Stand and yield per acre of 12 sample plots in dense, even-aged stands of 
jack pine on sandy soil in Adams County, Wis. 


Living trees per acre. Average. 
Basal area. 


5 . Pn © 
Jack pine. | Otherspecies. |4&% es S 
5a | & 5 Quality of 
a8 ‘bh ality o 
Age of plot. ag | 8 # ce .| 2 ire} cs) A ait 
aa Mle |e | ences |) 8 3 
oa Huo =~ 
a 128] 8) 8 |@ei8 6a | oe | es | 2 
ae Be) Geel Re Peretti ies: ere y Salas Se ec ua 
= a-) q ° =H for) 5 iS SIS | go oOo rs 
Slee es SP Peri eeciaime | A 3 
Years Feet.| Sq. ft. | Sq. ft. | Cu. ft. 
ee rrercinieisi= DOO LEO" eo ccs feateeeal = csaclesaeies 5. 62 48 949 | Good. 
Oi ngodocees 950 | 460 |.....- IO igasacdaasaaes 5.9 42 114 88 | 2,337] Very good +. 
LN oer o 390 | 250 30} 110 208 ae eee 7.6 45 96 87} 1,995 | Good +. 
in maae 400 | 300 GOA S200 Leese see. 8.0 46 127 125} 2,971} Very good. 
Deke e ies 490 | 370 40 AU ee ae ares 7.5 48 131 127} 3,085 Do. 
Be Sear ees 416} 344 8 | 184 PANE esse 7.5 49 113 109 | 2,550 | Gooa +. 
Ome sect ces 410} 310 20 €0 ED) eee 7.3 50 iol 96 | 2,465 | Good —. 
AQY oti ald: 336 | 272 56 Pee Stl eee 7.9 50 113 113 | 2,572 | Good —. 
(il Rees ae 408 | 304 32 16 |e sl 7.5 53 110 104 | 2,686 | Good —. 
A) eee 560] 260 |.....- 240 30} e's cee 6.4 38 73 59 | 1,352] Very poor. 
710 ellen 330} 200 80} 130 40) | soot 8.8 50 120 118 | 2,834 | Poor +. 


Els oe eee 300} 190 90 30 HS Veescias 8.6 60 114 113 | 3,310} Good —. 


1 Compared with cubie-foot yields in Hubbard County, Minn. See Table 9. 
Measurements by the author, 1917. 
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It is interesting to compare the growth and yield of unmanaged 
natural jack pine stands as shown in Tables 9 and 10, with the growth 
and yield of well-managed Scotch pine stands in Europe, as shown in 
Table 32 (appendix). In yield per acre the “good” quality site in 
the Hubbard County table averages between site qualities II and IIT 
for Scotch pine, and the “poor” quality site averages between IV 
and V. In the matter of height, the Hubbard County trees on sites 
whose quality is described as ‘‘good”’ and ‘‘poor” rank considerably 
higher than the Scotch pine trees on the above-mentioned sites. 
This may be partly accounted for by the fact that Table 9 gives the 
average dominant height, while Table 32 gives the average height 
of the stand. In general, however, a comparison of the greater 
heights and lesser yields of unmanaged jack pine stands with the 
lesser heights and greater yields of managed Scotch. pine suggests 
the possibility of increasing the yield of jack pine by growing it 
under management. 

Table 13 gives the average annual increment in cubic feet and 
board feet of the stands of different ages computed on the basis of 
volumes given in Tables 9 and 10. 


TaBLE 13.—Mean annual increment of pure, even-aged, densely stocked stands of jack 
pine, figured in total cubic feet for trees.5 inches and over in diameter, in board feet mall 
scale for trees 5 inches and over and for trees 8 inches and over in diameter, and in. board 
feet by Scribner log rule for trees 8 inches and over in diameter. 


Site quality good. Site quality poor. 
Mill scale. Serle Mill scale. cee 
Age. Total. | ‘ Total. ; ¢ 
5 inches | 5 inches | 8 inches | 8 inches 5 inches | 5 inches | 8 inches | 8 inches 
and and and and and and and and 
over. over. over. over. over. over. over. over. 


eeeet eres] = OO | GB Ff LD Jowee ene n lee ee ee en eles ccc eee] - ~~ ee en ele 2 eo ~~ |e ee ee ee ele eee ee ewe 


aU sconce 54 45 230 73 23 31 16 (BY ipeaadesesibaasscase 
BBE seacdtcc 71 63 300 114 40 36 25 Me Eo ascecadl easeasnec 
Wee nsoness 74 70 330 155 58 40 32 118 iD) sleeee ee oe 
AD etiam einer 72 70 331 180 84 42 37 144 24 9 
HUnooosdaor 69 68 326 192 104 44 40 172 44 16 
Weonsocbde 67 66 316 198 113 44 41 195 62 27 
@Wesoasacds 64 64 308 203 115 44 42 208 82 42 
Ges60 narinc 62 62 302 206 117 44 43 215 102 58 
Weeesccess 60 60 294 207 117 44 43 219 117 70 


STANDARD SITES. 


In figure 3 are exhibited all the available age-height data plotted 
in accordance with Prof. Roth’s plan for site classification.1 Accord- 
ing to this plan all species whose dominant trees reach an average 
height of only 90 feet in 100 years on the best sites (to be called Site 
I for those species) are to be classified as standard C species, stand- 


1See Forestry Quarterly, March, 1916. 
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Fig. 3.—Jack pine age-height data and curves plotted with reference to Prof. Roth’s plan forsite cls‘sification standard C. Shows average height ofdominant trees in stands of different ages. 
140205°—20—Bulli. 820. ‘Yo face page 16. 
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ards A and B being for higher-growing species. In a letter review- 
ing the manuscript on which this bulletin is based Prof. Filibert 
Roth says: 

T recommend that this standard of 90, 75, 60, and 45 feet for I, II, III, and IV sites 
be made a regularly accepted or adopted standard and called standard ©, and that 
all species in the United States which have a growth near to jack pine have their 
sites established and measured by this same standard C site classification on the basis 
of height at 100 years, with values as given in figure 3, which works out well with 
data here gathered. 

Site I in older stands is represented sparingly in these studies (referring to the 
manuscript), because in Minnesota jack pine does not get a chance on Site I, since 
these run to Norway pine. 

Site IV is also little represented, but is abundant in Wisconsin and Michigan. 

It will be seen that the “good” site in Hubbard County is slightly 
better than Roth’s Site IT, while the “poor” site is halfway between 
Sites IE and HI. ; 
REPRODUCTION. 


SEED PRODUCTION. 


Jack pine produces a great quantity of seed. In view of the com- 
parative shortness of the life of jack pine and its intolerance of 
shade, this characteristic is extremely important. As a matter of 
facet, the fruitfulness of jack pine, combined with its ability to grow 
on soils too poor, at the outset, for other species, is the means by 
which it is able to maintain itself as one of the most widespread 
and important forest types of the North. (See Pls. IX and X.) 
Jack pine, like lodgepole, is a “fire tree,” quickly seeding up bare- 
burned spots or areas. It seeds well almost every year and heavily 
every two or three years, in contrast with Norway and white pines, 
which do not seed every year and which seed in abundance only at 
intervals of from five to seven years and three to five years, respec- 
tively. Trees in the open or with abundant growing space are the 
most prolific seeders and commence to bear seed when from 6 to 8 
years old. Vigorous seed production continues up to 80 years of 
age, but is most vigorous between 40 and 80 years. 

A well-developed, vigorous tree produces from 1,000 to 1,200 
cones in a year, or from one-fourth to one-half bushel, and these 
cones contain from one-fourth to one-half pound of seed, each cone 
having from 25 to 50 seeds.t. Very heavily loaded jack pines some- 
times yield 14 bushels of cones. There are from 75,000 to 100,000 
seed per bushel of cones, and from 100,000 to 150,000 seed per pound. 
The cone matures the second year. The seed is ripe about Septem- 
ber 1 and dissemination commences soon afterwards. During dry 
seasons Many more cones open up than in wet. Nearly half of them 


1 Report of Cloquet, Minn. Experiment Station, October, 1917, gives an average of 30 jack pine seed 
per cone as compared with 37 seeds per cone in Norway pine. 
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persist on the tree for several years,’ opening gradually under the 
drying effect of heat and wind. Many cones that are on the ground 
do not open at all until scorched by fire. The process of seed dis- 
semination of jack pine is thus almost continuous. 

The small, light, jack pine seed with its relatively large wing is 
readily disseminated to considerable distances. It is probable that 
light winds, which are of frequent occurence in the range of jack 
pine during the season of dissemination, carry some of the seeds for 
distances of a quarter of a mile or more; but most of the seeds un- 
doubtedly fall within 100 yards of the parent tree. 


QUALITY OF SEED. 


Freshly gathered samples of jack pine seed have shown germi- 
nating percentages of 95 or 100.2, Samples from cones that had 
remained closed for some time indicated a germination of from 60 to 
75 per cent. Seed in well-closed cones may retain its germinating 
capacity many years. The great quantity of seed produced and 
the high average percentage of germination explain to a degree the 
widespread distribution of this hardy species and its rapid regenera- 
tion on burned lands. 


ESTABLISHMENT OF SEEDLINGS. 


Under average natural conditions jack pine seed requires from 
2 to 4 weeks for germination. Good seed, however, will germinate 
im 8 days under very favorable conditions of heat and moisture. If 
it is moist enough, the poorest sand will make a seed bed. After a 
a few weeks development of the root system the seedling becomes 
drought-resistant. 

Reproduction is most plentiful on bare soil in the open, where the 
germinating seed strikes quickly into the mineral soil. Jack pine 
reproduction is usually excluded by other trees, weeds, and under- 
brush from better classes of seed bed, such as have a layer of well- 
decomposed humus. But a fire that destroys these and bares the 
mineral soil gives jack pine an excellent chance. Im fact, fire is 
usually a necessary precursor of very dense jack pine reproduction, 
especially on good sites, because it clears the seed bed and opens up 
old cones. Where jack pine seeds in after a fire it is usually able to 
hold its own against other species. In northern Minnesota, how- 
ever, if birch or aspen seed in simultaneously with it on a better 
class of soil, they usually crowd it out. 

Jack pine seeding after a fire commonly produces an overstocked 
stand. Such a stand when 6 feet high would have from 5,000 to 
10,000 trees to the acre; but, on account of the intolerance of the 
species, this number would rapidly diminish, so that the danger of 


1 Tn the southern part of the range of jack pine in Wisconsin very few cones remain unopen on the trees. 
2 State Forester Schaaf, of Michigan, reports a 58 per cent germination for good, fresh seed. 
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stagnation is not very scrious.t. Under the shade of mature stands 
few jack pine seedlings appear, for their establishment and growth 
depend on their obtaining abundant light. 

The rate of growth of seedlings, especially seedlings of intolerant 
species, has much to do with the success or failure of the species, 
since it determines the amount of light they will receive in compe- 
tition with other vegetation. Compared with other northern pines, 
jack pine grows rapidly, sometimes 6 inches or more the first year, 18 
inches the first two years, and 3 feet the first three years.2 On the 
the average, 1-year seedlings are 2 inches, 2-year-old seedlings 6 
inches, and 4-year seedlings from 1 to 3 feet high. These last are 
not always high enough, however, to compete successfully with 
hardwood seedlings, brush, and weed growths of many kinds which 
are abundant on good soils. 


SUSCEPTIBILITY TO INJURY. 
. FIRE. 


Up to the age of 60 or 70 years fire is the greatest source of dam- 
age to jack-pine stands. These stands, occurring as they do on 
dry, sandy soils, are especially liable to fire damage after leaf litter 
and dead twigs have accumulated for several years. Fires in dense 


young stands often become crown fires, which burn with great fierce-. 


ness and destroy the entire stand. In older and more open stands 
sround fires occur, which kill a few of the trees and lessen the vitality 
aud resistance of those left. 

Jack pine resists fire better than Norway and white pines because 
it grows more rapidly in diameter and height during its early years, 
and the young trees of a given age have thicker bark. 


WIND, FROST, AND SNOW. 


Jack pine trees do not often suffer from wind-throw where soil con- 
ditions have helped to develop a deep-going root system. On shal- 
low and wet soils, however, the root system is flat and the tree is very 


susceptible to wind-throw. Where the trunks are tall and slender _ 


or where the trees have been weakened by insects or disease, severe 
storms cause considerable breakage. 

Jack pine is not especially susceptible to damage from frost and 
snow, but heavy snowfalls and ice storms cause some injury to young 
slender saplings growing in dense stands. In the plantations of 
Nebraska and Kansas jack pine sometimes suffers from those snow 
and hail storms which come late in May and break off the leaders 
or new terminal shoots. 


1 Supervisor H. C. Hilton, of the Michigan National Forest, reports a case of complete stagnation of jack 
pine, a 20-year old stand containing from 50,000 to 100,000 trees per acre of an inch or less in diameter. Such 
cases, however, are very exceptional. 

2 Jack pine grows 2 to 3 whorls of branches each year (see fig. 4), while white and Norway pines only grow 
one, 
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F—82805A 


Fic. |.—JACK PINE MOTHER TREE (9 INCHES IN DIAMETER BY 25 FEET IN 
HEIGHT) AND SEEDLINGS SPRUNG FROM IT (2 TO 8 FEET TALL). 


F—32806A 


FIG. 2.—REPRODUCTION OF JACK PINE AND BUR AND BLACK OAK SPROUTS 
IN A STRIP CLEAR CuT SIX YEARS AGO. 
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F-31792 


FiG.*1.—OVERMATURE JACK PINE ORIGINALLY GROWN IN DENSE STAND, BUT 
NOW OPEN THROUGH NATURAL THINNING, AND JACK PINE REPRODUCTION 
CoMING UP UNDERNEATH. CROW WING COUNTY, MINN. 


F-69122 


Fic. 2.—REPRODUCTION OF JACK PINE AFTER CLEARING AND FIRES ON 
AN ABANDONED FARM IN THE JACK PLAINS REGION, MICHIGAN. 
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DISEASES.! 


Jack pine stands are usually free of serious fungous diseases, but 
when they reach an age of from 60 to 90 years many of the trees 
become heart-rotted. The fungus that most often causes this con- 
dition is Polyporus schweinitzvi, but Trametes pini is sometimes re- 
sponsible for it. 

The most common disease in jack pine is the gall-forming rust, 
Cronartium cerebrum (Peck) Hedgc. & Long. The injury done to 
young and old trees alike by this fungus is such that, in any system of 
forest management of jack pine, methods for its eradication should 
be considered. ‘‘It causes the death or early suppression of trees of 
tender years and seriously interferes with the development of more 
mature growth.” * 

The defect known as ‘‘witches’ broom”’ is frequently present in 
jack pine crowns, especially in open stands on dry, sandy soils. This 
is a bushy growth of fine twigs from an affected point on a terminal 
shoot. The stimulus for this growth is probably furnished, in most 
cases, by some perennial fungus. The ‘‘witches’ broom”’ precludes 
further development beyond the point of attack, and the increment 
of a badly infected tree falls off rapidly. The damage is not wide- 
spread, however, and in the aggregate is not serious.’ Near the limits 
of its northern range the jack pine is subject to attacks by mistletoe, 
resulting also in the formation of ‘ witches’ brooms.” 

Several fungous saprophytes attack jack pine wood left in the for- 
est and cause its quick decay. Dead trees usually become unsound 


within 2 or 3 years. 
INSECTS. 


Jack pine is rarely damaged by insects, except where the stand 
has been seriously weakened by fire, especially by fire occurring in | 
the summer. According to Dr. A. D. Hopkins, of the Bureau of 
Entomology, United States Department of Agriculture, the living 
jack pine is often attacked and more or less seriously injured at the 
base and on the stems of saplings by bark weevils and bark beetles, 
-on the buds and twigs by tip moths, and on the foliage by saw flies. 
The tip moth has attacked most of the jack pine in the plantations 
at Halsey, Nebr., reducing the height growth and causing minor 
-erooks. The bark and wood of weakened, dying, and felled trees are 
subject to attack by the common wood-boring insects, which also 
cause pinhole and wormhole defects in the crude products.* 

1 For a full discussion of the diseases of jack pine, see Bulletin No. 212, U. 8. Department of Agriculture, 
“Observation on the Pathology of the Jack Pine,’’ by James R. Weir, Forest Pathologist. 
2 Any evidence of serious injury to living trees or their products, known or supposed to be caused by 


insects, should be reported to a Federal or State entomologist with a request for adviee as to the need of 
adopting measures for prevention or control. 
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SUPPLY OF JACK PINE TIMBER. 


The largest supply of jack pine timber in the United States is in 
Minnesota, north of 46° of latitude. State Forester Cox in July, 
1916, roughly estimated this supply at 5 billion board feet,’ with 10 
million cords of material obtainable from trees under 8 inches in 
diameter. He also stated it as his belief that jack pme in that State 
is probably growing more rapidly than it is being cut, although fires 
destroy annually a great deal of the young growth. 

In 1898, Prof. Filibert Roth said? of the supply of jack pine in 
Wisconsin: 

At present it is not used to any extent, neither stumpage nor logs having real com- 
mercial value, except where used as fuel and for farm purposes. The stand of this 
pine, if taken down to 4 inches, is about 34 billion feet, of which about half might be 
used for dimension stuff, while the rest could be employed as pulpwood.? 

The supply of saw stuff has doubtless been considerably reduced 
since that time. With respect to trees suitable for cordwood and 
pulpwood, however, new growth has probably equaled the amount 
that has been cut in clearng and lumbering. 

A recent compilation by the author of the Forest Resources of 
Michigan places the stand of possible jack pine saw timber at 1-1/5 
billion board. feet. ‘There would be more than this much again of 
pulpwood. In New York and New England the stand of jack pine 
is negligible. 

Bulletin 50 of the Canadian Forestry Branch contains an estimate 
for 1915 of from 7 to 8 billion board feet of jack pme timber in Mani- 
toba, Saskatchewan, and Alberta. 

The supply of jack pine is more nearly keeping pace with the annual 
cut than that of either Norway or white pine. On the one hand, the 
market for it is more limited because of the small size of its timber; 
and, on the other, it reproduces freely on cut-over or burned land 
formerly occupied by these more valuable species. 


CHARACTERISTICS OF THE WOOD. 


Superficially the wood of jack pine is similar to that of Norway 
and white pines. The sapwood is nearly white and the heartwood 
light brown to pale orange. In trees under 50 years of age the wood 
is mostly sap, the proportion gradually decreasing with age. Even 
in 100-year-old trees the sapwood often constitutes half the volume. 

The wood is soft, light, a cubic foot of kiln-dried lumber weighing 
about 30 pounds, not strong nor tough, straight and rather coarse- 
grained, easily worked, easily split, and apt to warp and check in 
"1A recent compilation by the author of the forest resources of Minnesota places the stand at 24 billion 
board feet. 

2 Bulletin 16, Division of Forestry, U.S. Department of Agriculture. 


8 The stand of jack pine saw timber 8 inches and over in Wisconsin is placed in a recent compilation by 
the author at 14 billion feet. 
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gasoning unless care is exercised. It is more resinous than white 
pine, but less so than the yellow pines of the South. The heartwood 
/is fairly durable in contact with the ground, but the sapwood rots 
quickly. 

A comparison of the mechanical properties of jack pine and other 
species is shown in full in Bulletin 556, United States Department of 
Agriculture.!. That bulletin gives the results of tests which show 
lower average values for jack pine than for Norway pine in cross 
bending, stiffness, and work to the maximum load perpendicular to 
the grain, and higher values in compression parallel and perpendic- 
ular to the grain, in hardness, and in shearing strength. The differ- 
ences, however, are not great. As compared with white pine, jack 
pine shows somewhat higher average values in all the above proper- 
ties except in stiffness and in cross bending, in which white pine 
averages shghtly higher. 

The specific gravity of oven-dry jack pine wood, based on volume 
when green, is 0.39, which is intermediate between Norway at 0.44 
and white pine at 0.36. The weight of a cubic foot of air-dried wood 
of jack pine is 29 pounds, that of Norway is 34, and that of white 
pine is 27 pounds. 

The structure of jack pine wood, in gross and microscopic charac- 
teristics, is not conspicuously different from that of other hard pines. 


UTILIZATION. 


Jack pine is used for railway ties, lumber, slack cooperage, pulp- 
wood, mine timbers, poles, fencing, and fuel. (See Pls. XI and 
XIT.) 

RAILWAY TIES. 

The greatest consumption of jack pine for railroad ties is in Canada, 
where in 1911 jack pine ” replaced cedar as the leading species used, 
and 54 million jack pine ties (38 per cent of all ties purchased) were 
bought by consumers at an average price of 41 cents. In 1914, 
8,379,064 jack pine ties, comprising 43.2 per cent of all ties bought, 
were purchased in Canada at an average price of 43 cents. In the 
Lake States jack pine is used much less for ties than for lumber. 

Ties can not be produced from trees under 10 inches in diameter 
breast high. Therefore, the proportion of the total stand of jack 
pine from which ties can be cut is relatively small and only the older 
trees can be used. Table 28 (appendix) indicates the number of ties 
it is possible to cut from trees of different sizes, and Table 9 shows the 
number of trees 10 inches and over in diameter in fully stocked stands 
of different ages. 


1“Mechanical Properties of Woods Grown in the United States,’’ by J. A. Newlin and Thomas R. C, 
Wilson, of the Forest Products Laboratory. 
2 Including some lodgepole pine (P. contorta) from Alberta and British Columbia. 
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Untreated jack pine ties last from 6 to 8 years because they ae 
cut from comparatively old trees that have a large proportion & 
durable heartwood. An increasing proportion of jack pine ties, 
however, is being creosoted, and these treated ties last from 15 to 20 
years if they are not sooner rendered unusable by frequent spiking. 


LUMBER AND SLACK COOPERAGE. 


The chief use for the larger jack pine trees in the Lake States is for 
lumber. Where jack pine occurs either with Norway or white pine 
it is always cut with these species just as it comes. The larger and 
better trees are utilized chiefly for construction material, boards, 
siding, and box and slack cooperage material. 

In Minnesota * most of the big mills cut at least a small quantity 
of jack pine. Perhaps 200 small mills cut jack pine, and in some 
cases nothing else, for use as box lumber and grain door boards. The 
annual cut is perhaps 200 million feet, and the cost of logs at the 
mills, from $7 to $9 per 1,000 board feet. 

In Wisconsin ? all mills, from the smallest to the largest, cut jack 
pine. It would be very difficult to get a figure on the amount cut by 
large mills, and impossible to get any estimate on the amount cut by 
the small soillls because in many instances the good jack pine goes in 
with Norway pine lumber. 

The cost of jack pine at a sawmill varies from $10 to $15 per 1,000 
board feet, depending on the location, business conditions, and size 
of the timber. In 1917, No. 3 and better jack pine lumber sold for 
$20 per 1,000 f. o. b. Duluth, Minn. 

In Canada jack pine comprises about 1 per cent of the total annua] 
lumber cut. Table 14 shows the cut of jack pine and the f. o. b. mill 
value of the lumber in the different provinces for the years 1913 and 
1914. 


Tasie 14—Lumber cut and f. o. b. mill value of jack pine in Canada.? 


No. of +. Average value per 
pene Quays M feet b. m. 
Province. Til shoe aS er 
report- 
ing. 1913 1914 1913 194 


Mft b.m. M ft.b.m. | Dollars. | Dollars. 
14.37 14. 23 


Totalallsprowill@esss-meepraaceersesicisie deceenee 497 35, 404 44, 000 
Ontario toe ccctene ao meee cieten sere 47 24, 297 17, 890 14. 51 15.00 
Ouebecs tes ie s2 bt eens cee ow sse cece 400 1, 160 13, 727 16. 00 14.00 
[Simpy (Cllbbhenloee Hee SAO: . saa CRASS 10 3 , 04 14, 29 12.51 
Ube ntay ys ee a ch nace see s cicsceeem ene -22 2, 237 4, 488 15. 83 14.58 
NowsBrunswitks ces senna et aeee ee oe ee eee oe 2 358 400 13.64 14. 06 
Mamitob aes es 26 catia (ad So aM Oe hee Se tat 8 2, 783 201 11.71 14.05 
Saskatchewan eee a ecw ee eee ener eee 4 2 146 12. 00 12.00 
NoOVaiScotiat eae ao eae ee rae 3 51 105 16. 20 14.95 
Prince Pdwardislandiascess2) less eeeee eee 1 6 2 12.50 20. 00 


ae 


1 Letterfrom State Forester Cox, of Minnesota, July 17, 1916. 
2 Letter from State Forester Moody, of Wisconsin, July 31, 1916. 
2 From Bulletin 56 of the Canadian Forestry Branch. 
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Fic. I1.—PoORTABLE MILL OPERATION IN A 380 TO 40 YEAR OLD JACK PINE 
STAND. Loas MosTLy FROM 8 TO 10 FEET LONG BY FROM 4 TO IO INCHES 
(AVERAGE 6) IN DIAMETER AT TOP END. SIXTEEN HUNDRED LOGS WERE 
ESTIMATED TO CUT 20,000 FEET, OR 80 Loacs PER 1,000 FEET. Loas CuT 
MOSTLY INTO 2 BY 4 AND INCH BOARDS. 
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Fig. 2.—FORTY-YEAR-OLD STAND AFTER CLEAR CUT FOR PULPWOOD. SHOWS 
TREES TOO SMALL FOR PROFITABLE PULPWOOD CUTTING LEFT STANDING, 
BUT MOsT OF WHICH WILL PROBABLY BE WIND-THROWN LATER ON. 


Danger of fire here is great on account of the unpiled and unburned slash. 


LUMBERING OF DENSE, EVEN-AGED, JACK PINE STANDS. 
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F—34758A 


Fig. 1.—STAND BEFORE CUTTING. 


F—34757A 


Fig. 2.—STAND BEING CUT. 


DENSE, EVEN-AGED, 40 TO 50 YEAR OLD JACK PINE STANDS OF 
PULPWOOD SIZE, TREES 3 TO 9 INCHES IN DIAMETER, WITH 
20 TO 25 CORDS PER ACRE. 
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In general, where Norway pine logs average from $12 to $14 per 
1,000 board feet delivered at the mill, jack pine will average about 
$8.! In the winter of 1917, in Minnesota, jack pine logs sold as high 
as $12 and Norway pine at $17. The difference in price paid for 
jack and Norway pine in the log may be due partly to the fact that 
jack pine logs are smaller than the Norway pine, running sometimes 
40 or 50 logs to the thousand. Many of the trees from the older 
jack pine stands in Minnesota cut out better lumber than it is usually 
supposed can be cut from this tree. In some cases at least 50 per 
cent of the season’s run of jack pine goes into No. 2 and No. 3 boards 
and No. 1 and No. 2 dimension stock. As such it brings the same 
price as Norway pine, and is, in fact, often graded as lower grades of 
Norway and white pine. 

Young stands of jack pine, too small for saw logs, are utilized for 
small slack cooperage, box boards, and crating. The cooperage 
material is used for pails, kegs, barrel headings, and a small amount 
for silos. In Michigan jack pine is used to a limited extent for shingles. 
Lath plants use the trees in the form of short bolts down to 3 or 4 
inches in diameter at the top end. Young stands often yield large 
returns both on account of the great number of trees per acre and 
of this close utilization of small trees. 

The number of board feet, mill scale, as given in Table 10, indicates 
the possibility of close utilization of jack pine in producing round- 
edge lumber for box and crating material. This method of utiliza- 
tion is feasible where portable mills are employed in dense, even- 
aged stands, and in this way a high yield of low-grade material is 
obtained at a small cost. 

PULP. 

dack pine is suitable for chemical pulps made by using alkaline 
cooking liquors, either sulphate or soda. In this process it takes 
2 cords of wood to produce a ton of sulphate pulp. 

Jack pine is used for sulphate or kraft pulp in Michigan, Wisconsin, 
Quebec, and Ontario. In Quebec, in 1914, 16,746 cords of jack pine, 
at an average cost of $6.20 delivered, were used by three sulphate 
mills, while in Ontario in the same year 7,969 cords at $4 were used 
by one mill. There are three sulphate plants in Wisconsin and one 
in Michigan, and the outlook is good for additional plants of this 
kind in Canada and the Lake States. These plants should open up 
extensive markets for young second-growth jack pine trees too smal] 


1 The following statement from a January, 1920, report of the supervisor of the Minnesota National Forest 
indicates how greatly prices and costs have changed since the above was written: 

‘A sale of standing jack pine timber on that Forest, made in 1919, brought $6.30 per 1,000 board feet for 
live and $3.15 for dead timber. The cost oflogging this timber was about $20 per 1,600 feet, making a total 
cost of $23.15 to $26.30 for jack pine logs delivered on the landing, or double the cost of what white pine logs 
were 10 years ago. A few years ago, when the jack pine timber could have been logged for $5 to $8 per 1,000 
feet, there was no sale for it.” 
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for ties or lumber. In Wisconsin $5 per cord is the usual price paid 
for jack pine with bark left on delivered at the railroad. It costs 
the pulp mills about $8 per cord, delivered. 

Jack pine is used somewhat for ground wood pulp. ‘When com- 
bined with large proportions of sulphite jack pine ground wood pulp 
produees a satisfactory manila of a color other than white.”1! The 
Forest Products Laboratory is confident, from its experiments, that 
ground wood pulp from jack pine can be used in proportions well 
worth while in the manufacture of newsprint. 

One of the big problems in the pulp industry in the Lake States is 
the obtaining of a supply of woods which can be converted at a 
reasonable cost into sylphite and ground wood pulp for newsprint 
paper, and which shall be accessible to the expensive plants already 
established. If jack pme can be used, the problem will be solved te 
a large extent for many of the established plants, because of the 
large supply of this wood in sizes suitable for pulp, its prolific repro- 
duction, and its rapid growth. If the present prices for newsprint 
paper continue, methods will probably be developed which will make 
jack pine and other pines available for newsprint. 


FUEL. 


In many parts of its range, jack pine is the principal fuel, coal 
being searce and its use limited. The estimated quantity of firewood 
used annually in the Lake States on farms alone is over 6,500,000 
cords, and of this amount jack pine forms a large percentage. In 
many towns of 2,000 population and over the annual consumption 
is 2,500 cords and upward.: Many of the local light and power 
companies use this species exclusively. — 


MINE TIMBER. 


Jack pine in the round is used in considerable quantities in the 
Lake States for mine props, posts, and lagging. In northern Minne- 
sota, jack pine timbers bring $18 per 1,000 feet Scribner Decimal C 
log seale, without cull for defects of any kind, f. o. b. main-line rail- 
roads. 

POSTS AND POLES. 

Considerable jack pine is used for posts, and, in the absence of 
better species, quite a little for short poles, from 20 to 30 feet in 
length. For these purposes it is particularly serviceable if it is well 
seasoned and painted with creosote or some similar preservative. 
The untreated timber does not last well in contact with the soil. 


1 From Bulletin 348, U. S. Department of Agriculture, on “Ground Wood Pulp,” by Thickens and 
McNaughton. 
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STUMPAGE VALUES, 


Jack pine saw logs bring from $8 to $15 per 1,000 board feet de- 
livered at the mills in the Lake States, and the stumpage is worth 
from $2 to $8 per 1,000, depending on the distance from the mill 
and the means of transportation. This is for logs 6 inches and over 
in diameter at the small end, scaled by log-rule measurement. Jack 
pine trees over 10 inches in diameter can often be most profitably 
cut into railroad ties or into poles, for which purposes its stumpage 
is worth from $5 to $10 per 1,000 board feet. Where close utiliza- 
tion for lath, boxes and crating, slack staves, and slats is prac- 
itced, jack pine stumpage is worth from $1 to $5 per 1,000 feet of 
material actually cut out. For pulpwood, posts, and cordwood, 
where there is a market, jack pine is worth from 50 cents to $2 per 
cord, depending on its location. 


TaBLe 15. —Stumpage valwes per acre of dense, even-aged stands of jack pine on site 
qualities ‘‘good” and ‘“‘poor,”’ figured for different values per cord and per 1,000 board 
Jeet. 

SITE QUALITY “GOOD.” 


Stumpage value per 1,000 board feet. 
Stumpage value per cord! ofun- 
peeled wood. 
Ago. Mill scale.? Scribner Decimal C.3 


$0.50 | $1.00] $1.50) $2.00} $1.00 | 3.00] $5.00] $4.00] $6.00 | $3.00 


Years § 

Oe ante Moicidate-atse'e's $0. 80 $1. 60 $2. 40 $3. 20 $0. 50 $1. 50 tA G18 | ce atlas [pve a og en 
Dede eeastediais sic. 0s > 3. 25 6. 50 9.75 13. 00 3. 20 9. 60 16.00 $1. 20 $1. 80 $2. 40 
Cl) sn Se ee Oe eee 6.80 | 13.60] 20.40} 27.20 6.90 | 20.70} 34.50 2.80 4, 20 5. 60 
eee eas Warciciecaieis < 11.05 | 22.10 BB), 1h 44. 20 10. 50 31. 50 52. 50 5. 60 8. 40 11.20 
Lifes oie See See 14.00} 28.00 42. 00. 56. 00 13. 20 39. 60 66. 00 9. 20 13. 80 18. 40 
=o Ae ee eee 15.80} 31.60} 47.40] 63.20] 14.90} 44.70] 74.50] 15.20] 22.80 30. 40 
Gos 22 oS ee 17.10} 34.20} 51.30} 68.40) 16.30 | 48.90 | 81.50] 20.80} 31.20 41.60 
Date aiaalciealc ieinciecce's 18. 20 36. 40 54. 60 72. 80 17. 40 52. 20 87. 00 24.80 37. 20 49. 60 
(GEE ol Se ae ee ee 19.20} 38.40] 57.60 | 76.80] 18.50} 55.50] 92.50] 27.60| 41.40 55. 20 
Oaeaeareaieincisictmce cia ia 20. 05 40. 10 60. 15 80. 20 19. 60 58. 80 98. 00 30. 40 45. 60 60. 80 
7 (0) 2 eee ee 20.90} 41.80} 62.70-| 88.60] 20.60 61.80 } 103.00} 32.80] 49.20 65. 60 


Oc coneor e COCR SORDAE 0. 65 1.30 1.95 2. 60 0.70 2.10 Se DO) sists ortaeis| sew sm iets | sleeeclcisice 
Gu co cocceec ee eeReaes 2.35 4.70 7. 05 9. 40 2. 20 6.6 DES OO) tre da seb tae <crcmyee ners & 
BI. c.oe Cm orner Sabene 4.35 8.70 | 13.05 | 17.40 AE OO U2SO0) 20500) ee ese nel (aan sees |p meee ae 
aia a sicicma te elma 6.50 | 13.00} 19.50] 26.00 62205 ES 60h Sie OO) pe oe. 2a an ae eee 
(Oe Se aGOt COREE RORCODE 8.35 | 16.70} 25.05] 33.40 8.10} 24.30} 40.50 1. 60 2. 40 3. 20 
UU) AO LAB Aine Renee ee 9.95 | 19.90} 29.85 | 39.80 9.60 | 28.80] 48.00 3. 20 4. 80 6. 40 
JO me ceeta seman cl s!s wie 11.40} 22.80] 34.20] 45.60] 10.90} 32.70] 54.50 6. 00 9. 00 12. 00 
WY noredee cooeeeede 12.75 | 25.50} 38.25 | 51.00 | 12.20] 36.60] 61.00] 10.00] 15.00 20. 00 
Go) nangooneoseecuoene 13.95 | 27.90} 41.85 | 55.80] 13.40] 40.20] 67.00] 15.20] 22.80 30. 40 
(abe. coe Be R SABE eEee 15.05 | 30.10] 45.15] 60.20] 14.50] 43.50] 72.50] 19.60] 29.40 39. 20 


The stumpage values assumed in the above calculations are such as are being paid in the Lake States 
to-day, or may reasonably be expected to be paid in the near future. 


1 With bark. 2 All trees 5 inches and over. 8 Trees 8 inches and over. 
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TABLE 16.—Cost per acre of growing jack pine, figured for $2, $5, and $8 initial invest- 
ment, including cost of land and cost of planting, uf any, at compound interest. 


AT 6 PER CENT COMPOUND INTEREST. 


Cost per acre, at 6 per cent com- Cost per acre, at 3 per cent com- 
pound interest. pound interest. 
Age. 
$2. $5. $8. $2. $5. $8. 

Years 
7 OS aie sete ste ee eae rene Sethi $8. 98 $19. 72 $30. 44 $5.49 $11.7. $17. 94 
D5 scan amos ee Sa ssee eee sees 12.42 26. 95 41.47 6.7 14,1 21.49 
BOs ere sco See ee ee eae 17.02 36.63 56. 23 8.18 16.90 25.60 
SOSH sees 2s aero Baseman 23.17 49.57 75. 98 9.86 20.12 30.37 
AQ Se ee gl ee ae eon er aee 31.40 66.91 102. 41 11.80 23.85 25.90 
Dive Soe ease hee cee 42.42 90. 09 137.78 14.05 28.18 42.30 
DORs ase sae et ae Cee ee 57.16 121.13 185.10 16.67 33.20 49.73 
Hos an saa see deem ae sees 76. 89 162.67 248, 45 19.69 39. 02 58.35 
GOR en ene Meee ine Nees 103.30 218. 25 333. 22 23.19 45.77 68.33 
6022.2 ee a ei 138.63 292. 64 446.65 27.26 53.5 79.90 
ht ae eae pest aoe rl ants ee eee 185, 91 392.19 598. 45 31.98 62.65 93.32 


The following is allowed for annual expenses in the above calculations: Five cents per acre for admin- 
istration and protection, plus 1 per cent of initial cost for taxes, at 6 per cent or 3 per cent compound interest. 
This amount is added to the cost of the initial investment to date. 


MANAGEMENT. 
SUITABILITY OF JACK PINE FOR MANAGEMENT. 


Jack pine is well suited for forest management for three reasons: 
(1) It thrives on poor soils; (2) it quickly reproduces itself after 
tumbering and fire, forming pure, densely stocked stands; and (3). 
it grows rapidly in its early years and soon attains sizes suitable for 
pulpwood, box boards, crating, small-dimension lumber, mine tim- 
bers, and slack-cooperage staves and heading. Its good growth on 
poor soils, unsuited to agricultural crops or on which more valuable 
kinds of tress do not readily seed up, suggests the possibility of 
utilizing large tracts of land which would otherwise be unproductive. 
The probability of this class of lands coming more and more under 
State or Federal control increases the importance of jack pime as a 
tree for forest management on a large scale. 

Jack pine quickly seeds up poor soils and burned-over areas and 
makes them productive much sooner than would otherwise be the 
ease. The more valuable Norway and white pines gradually seed 
in under the shelter of jack pine stands when the soil conditions im- 
prove. Wherever there is Norway or white pine reproduction 
underneath it to take its place, the jack pine should be eliminated 
after it reaches merchantable size. 

Where jack pine occurs in mixture with Norway pine or other more 
valuable species on soils well suited to these latter, the natural 
reduction of jack pine that takes place with the increasing age of 
the stand should be allowed to go on. In some cases it may be 
advisable to reduce the proportion of jack pine by one or more 
cuttings to encourage the more valuable Norway pine in restocking 
the area and afterward to supplement the natural reproduction with 
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F-38621A , 


Fic. 1.—HIGH Stumps CuT AS GUIDES IN LINING OUT FIRE LINE. THESE 
ARE REMOVED LATER SO THAT FURROWS CAN BE PLOWED. 


F—27413A 


Fic. 2.—A COMPLETED FIRE LINE, SHOWING PLOWED FURROWS WITH THE 
_ LIGHT, SANDY SOIL EXPOSED. 


_~CONSTRUCTION OF FIRE LINES IN JACK PINE. 


PLATE XIV. 
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a planting of Norway pine. Similarly, it will often be advisable to 
plant Norway or white pine on vacant areas where the soil is suitable, 
which otherwise might become seeded up to jack pine by natural 
reproduction, as is being done in parts of Michigan. On poorer soils, 
however, where Norway or white pine has a poor chance of success, 
natural jack pine reproduction should always be encouraged. 

The possible returns in growing jack pine may be estimated from 
Table 15, which gives the stumpage value per acre at different ages, 
figured for different values per cord and per 1,000 board feet, taken 
in connection with Table 16, which gives the cost per acre of growing 
such stands. Thus, on ‘‘good”’ quality jack pine land the stumpage 
value per acre of a 40-year-old stand at $1 per cord amounts to $28, 
as shown by Table 15. Reference to Table 16 shows that in 40 years, 
with money at 6 per cent and with an original investment of only $2 
per acre, at which cost it would very rarely be possible to secure 
adequately stocked stands, the cost would be $31.40, or $3.40 more 
than the stumpage value. On the other hand, money at 3 per cent 
would admit of an original cost of $8 per acre and give a profit of 
$2.10 per acre above the 3 per cent interest earned on all money 
invested. In general, raising jack pine is at present a losing invest- 
ment as compared with other investments at 6 per cent, but a 
very good one as compared with others at 3 per cent. At this 
latter rate of interest the State or Federal government would be 
fully justified in growing it on lands unsuited to agricultural crops 
or to more valuable species of trees. 


ROTATION. 


A short rotation for jack pine is the most practicable for securing 
the best financial returns and the reproduction of a new stand with 
the least difficulty. A comparison of Tables 14 and 15 indicates the 
financial advisability of a short rotation. Thus, with a stumpage 
value of $5 per 1,000 board feet mill scale, and with $5 original 
investment at 6 per cent on “‘good”’ quality of jack pine land, the 
best financial rotation appears to be around 35 years. When trees 
are of this age the stumpage value would be $52.50 per acre, and 
the cost, at 6 per cent interest on all money invested, only $49.57. 

On lands under public control, where the financial return is sec- 
ondary to the object of making otherwise waste land productive, a 
rotation of 60 years may be advisable, which would allow the pro- 
duction of ties and lumber as well as mine timbers, box boards, and 
pulpwood. 

PROTECTION. 

Since fires, even if not severe enough to kill the trees outright, 
practically always damage stands by impoverishing the soil, injuring 
and weakening individual trees, and reducing their resistance to 
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insects and fungi, the subject of fire protection is of prime importance 
in management. Reasonable assurance of protection is necessary 
before any expense in planting or management is warranted. To be 
adequate, the plan for fire protection should include provisions for 
patrol durmg the seasons when fire is a menace, the establishment 
and maintenance of fire lanes, the disposition of the slash resulting 
from thinnings or logging, and, on large tracts, lookouts and tele- 
phones. (See Pls. XIII and XIV.) An accumulation of logging 
slash is a menace to any live timber near it, not only because of its 
inflammability, but also because it may harbor destructive insects. 
Brush may best be disposed of by burning. Cutting in the fall and 
winter and burning the slash in piles as the logging proceeds is an 
effective preventive of msect infestation. Fire lanes, properly laid 
out, could be used in many cases as a means of dividing the forest 
into cutting series or blocks for utilization purposes: and these lands 
would make one block accessible without slashing into another 
adjacent to it. 4 

Danger from windfall may be lessened by cutting first on the lee 
side and proceeding in the direction from which the prevailing winds 
blow. In this way the interior of the stand is not opened to the 
sweep of the wind. Also, a short rotation will involve less windfall 
than a long one. : 
NATURAL REPRODUCTION. 

The cutting of jack pine stands to encourage natural reproduc- 
tion of the species may be accomplished in either one of two ways. 
The first method is that of clean cutting the mature stand either in 
strips or patches 100 yards or less in width. Reproduction would 
then take place from seed already on the ground or blown from the 
adjacent woods. The second method is that of a general clean cut- 
ting, leaving only from 5 to 10 scattered seed trees to the acre or, 
preferably, 2 or 3 groups of from 3 to 5 trees each. (See Pl. IX.) 

To make sure of getting jack pine reproduction on the National 
Forests in northern Minnesota, it is sometimes considered necessary 
to lop the tops of the trees that have been cut and scatter the brush, 
which is burned in the spring as soon as itis dry enough. This causes 
eones on the ground to open and let out their seed. Also, the seed- 
bed is prepared by the partial exposure of the mineral soil. On 
shallow soils with rock near the surface, brush should be burned in 
winter while snow is on the ground, so that the soil covering will not 
be disturbed. Fires should always be carefully controlled and be 
kept away from seed trees and adjacent timber Where overstock- 
ing of jack pine results, as is common after fires, the stand may be 
thinned out at a mmimum expense within the first five years after 
the reproduction takes place. Natural reproduction and thinning 
would be less expensive than planting. 
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On the Michigan National Forests fire is not considered necessary 
in order to secure natural reproduction. This is because poorer soil 
conditions are found here than in northern Minnesota, and there is 
a much less vigorous growth of popple and white birch. The general 
policy here is to cut all merchantable trees, pile and burn the brush, 
and rely for reproduction on the seed that is already on the ground, 
or that may come either from the trees left after cutting or from 
trees on adjacent uncut areas. 


PLANTING AND SOWING. 


The cost of planting jack pine nearly equals that for white and 
Norway pines. Therefore, the extensive planting of this species does 
not seem. warranted except on the poorest soils where these better 
trees will not grow. [Even here, the ease with which natural repro- 
duction is secured makes planting unnecessary in the majority of - 
cases. For forest planting on relatively arid soils both inside and 
outside its natural range, for windbreaks, and for the fixation of 
moving sand, jack-pme may be the best tree to use. On severe 
exposures in the sand hills of Nebraska, for example, jack pine 
plantations have been eminently successful, while those of Scotch, 
Norway, and western yellow pines, Douglas fir, and arborvite have 
failed. (See Pl. XV.) 

The recently adopted policy of the Public Domain Commission of 
Michigan provides for the planting each year of from 4,000 to 5,000 
acres of waste sandy-plains land to forest trees, of which the State 
Forester + says from 20 to 33 per cent will probably be jack pine. 
It is here to be used largely as a filler for Norway and white pines, 
and planted from 5 to 6 feet apart in ploughed furrows, with 6 feet 
between the furrows. The National Forests in Michigan and Minne- 
sota contain large areas of jack pine land. Wherever jack pine re- 
produces naturally, the Forest Service is glad to have it do so and 
in this way save the expense of planting. But the present Forest 
Service practice is not to plant jack pine on vacant land on these 
Forests, as it is believed none of this land is too poor to grow the much 
superior Norway pine. (See Pl. XIV, fig. 2.) 

Nursery-grown stock is almost always used in planting out, wild 
stock being only occasionally collected for this purpose. Experi- 
mental planting of jack pie shows that on poor sites, such as those 
found in the sand hills of Nebraska, the best results are obtained 
from the use of 3-year-old stock which has been two years in the 
seed bed and one year in the transplant bed. This material can be 
raised at a cost of from $3.50 to $4 per thousand, including seed, 
preparation of beds, and subsequent care, while the collected wild 
stock costs about $5 per thousand. On Michigan State forests, 
however, good success has been secured from planting 2-year seed- 
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lings, and this was done at a total cost of $6 or less per acre for stock 
and planting. The State Forester ‘+ says: 

Two-year seedlings are so much cheaper than transplants, both as to material cost 
and labor of planting, and the death rate in plantations made with them is so small 
that we do not think that the increased cost of transplants is justifiable in planting 
on a large scale. 

The most favorable time for planting in the spring is from the 
middle of April to the middle of May, and in the fall during the months 
of September and October. 

The artificial establishment of jack pine stands by sowing the seed 
broadcast over the proposed site has been attempted, but, although 
the experiment was tried under many different conditions, it never 
met with much success. These experiments included sonia and fall 
sowing and broadcasting on the snow in late winter. Some of the 
seeds germinated and became quite thrifty plants early in the spring, 
but were killed by the excessive heat during June and July. 

_ The results of sowing and planting experiments in the northern 
half of the Lower Peninsula of Michigan indicate that planting home- 
grown nursery stock, and, in exceptional cases, thrifty 2 to 3 year 
old wild stock, promises the most satisfactory results, 


THINNINGS. 


The future value of dense ‘young stands of jack pine may be greatly 
increased by thinning out the less promising and releasing the large 
and promising trees from competition for light and soil moisture, 
and in this way concentrating the growth energy of the stand into a 
smaller number and the best trees. In many cases some of the better 
trees should be cut, where these grow too close together, in order to 
establish a unio thinned stand, with the crown of each tree 
practically free on all sides, or barely touching its neighbors. 
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Fig. |.—FIVE-YEAR-OLD JACK PINE PLANTATION TO RIGHT OF FIRE LINE, 
AND 9 TO II YEAR OLD YELLOW PINE PLANTATION TO THE LEFT OF 
FIRE LINE, IN THE DISMAL RIVER DIVISION OF THE NEBRASKA NATIONAL 
FOREST. 


Jack pine survived and grew on more severe exposures where Scotch, Norway, and western yellow 
pines, Douglas fir, and arborvite failed. 


F—22169 


Fiag. 2.—FIFTEEN-YEAR-OLD PLANTATION IN HOLT COUNTY, WHERE REAL 
FOREST CONDITIONS HAVE BECOME ESTABLISHED. 


PLANTATIONS OF JACK PINE IN THE SAND HILLS OF NEBRASKA. 
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PLATE XVI. 


F-64796 


F-64794 


|.—EXTERIOR VIEW. 


Fia. 
DENSE 20-YEAR-OLD STAND OF JACK PINE ON CLAY SOIL IN NEED OF THINNING. 


Fig. 2.—INTERIOR VIEW. 


HUBBARD COUNTY, MINN. 
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Table 31 (appendix) gives the yields obtained from thinnings of 
well-managed stands of Scotch pine in Europe. A comparison. of 
these with the final yields given in Table 30 indicates cumulative 
intermediate returns, on quality III or average sites, of 5 to 40 per 
cent on any rotation between the ages of 30 and 50 years, inclusive. 
Similar results could probably be secured from the management of 
jack pine where the market conditions were favorable for utilizing 
the product of such cuttings. 

Instead of clean cutting young jack pine stands for cordwood, as 
is often done, owners would do well to get their firewood by thinning 
their stands and allow the better trees to remain and produce a crop 
of timber valuable for purposes other than fuel. Jack pine stands. 
should preferably be thinned as early as 20 years of age. (See PI. 
XVI.) Thinnings to be effective should be severe, leaving the 
crowns of the trees fully isolated on all sides for a space of 5 to 10: 
feet. There would be considerably more danger from windfall and 
windbreak to trees left after severe thinnings in older stands than in 
younger—an important reason for thinning before the stand is 25 
years old. 

Very dense, overstocked sapling stands, from 6 to 8 feet high and 
from 5 to 6 years in age, such as are liable to stagnate, can be bene- 
ficially thinned by clearing of parallel lanes about 6 feet wide at from 
8 to 12 foot intervals through the stand, and also thinning out trees 
in the rows to be left, or the stand may be thinned in two series of 
clear-cut parallel lanes at right angles to each other. From 800 to 
1,200 trees to the acre, or 5 to 7 to the square rod, is a sufficient. 
number to leave after thinning, provided some trees are left on every 
square rod of area and no large gaps are made in the stand. The 
saplings cut should be dragged out of the thicket and burned as a 
fire-protective measure and to prevent insects from breeding in the 
slash. 

Clearing of lanes in overstocked sapling stands from 3 to 5 feet in 
height could be accomplished with greater ease than in taller stands, 
as brush scythes and brush hooks could be used, but would be inad- 
visable on poor dry soils where the establishment of a soil cover and 
good humous conditions are important. Lanes cut in such stands 
should, in general, be about the same width as the height of the 
stand. 


APPENDIX. 
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DaTA ON WHICH THIS BULLETIN IS BASED. 


(1) Field measurements in Forest Service files. 


Author. Location. Year. Number taken. 


Stem analyses: 
Chapman) vEepeee nse eaee Hubbard County, Minn. .... 1905 ease 606 analyses of trees 2 to 17 in- 
ches in diameter. 
Benedict, J.ob- J .-enee---- = Cass County, Minn.......... NOTE e eee 52 analyses of trees 7 to 16 in- 
ches in diameter. 
Sherrard: 0 pHs scene eens Roscommon and Crawford | 1901..... 150 analyses of trees 3 to 13 in- 
Counties, Mich. ches in diameter. 
Sample plots: 
. Chapman, H. H............ Hubbard County, Minn..-.. 1905 eee 128 plots, 90.2 acres. 
SUGIRIIES Mio Dencosdoaccaooe Adams County, Wis.-....--- OA eee 12 plots. 
Valuation surveys: ; 
Slagmnerrsl, Wy Isloocedsaccaase Roscommon and Crawford | 1901..... 100 acres, “Jack pine plain.” 
Counties, Mich. 


(2) Manuscripts in the Forest Service files. 


‘‘Report on the Study of Tie Production for the Northern Pacific Railroad,’’ by Prof. 
H. H. Chapman, 1905. 

“Jack Pine,’’ by J. St. J. Benedict, 1914. 

“Silvical Study of the Jack Pine,” by L. L. White, 1906. 

‘Reforestation Policy for the Michigan and Marquette National Forests,’’ by R. Zon, 
1911. 

‘Forest Planting in Northern Michigan,’’ by W. B. Piper, 1912. 

Silvical Report, Michigan National Forest, by W. B. Piper, 1912. 

Silvical Report, Superior National Forest, by J. A. Fitzwater, 1912. 

‘‘Jack Pine,’’ by C. A. Cecil, of the Superior National Forest, 1918. 


(3) Publications. 


‘Jack Pine,’’ Silvical Leaflet 44, Forest Service, 1909. 

“Jack Pine in Western Ontario,’’ by L. M. Ellis, in Forestry Quarterly, March, 1911. 

Report of the Michigan Forestry Commission, 1902, in articles by T. H. Sherrard, 
Prof. Filibert Roth, and others. 

‘‘Forestry Conditions in Wisconsin,’’ by Filibert Roth, Bulletin 16, Division of 
Forestry, U. 8. Department of Agriculture. 

Bulletins of the Canadian Forestry Branch. 
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Taste 17.—Proportion of the occurrence of jack, Norway, and white 


soil particles,! 


Class of soil. 


Tino gravel, 2.0 to 1 
Coarse sand, 1 to 0.5 
Medium sand, 0.5 to 

) 


1 From unpublished preliminary report on Norway pine in Minnesota by H. H. Chapman. 
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pine stands on 
different soils in northern Minnesota classified according to the prevailing size of their 


Norway 


pine 


stands. 


Per cent. 


0.4 
3.7 
12.0 


White 
pine 
stands, 


Per cent. 


Nohe 
S| eSSaawcs 
Cl rKRNAOO 


— 
So 


Based on 


mechanical analysis by the Bureau of Soils of a large number of soil samples from different jack, Norway, 


and white pine stands. 


TaBLE 18.—Average width of crowns of predominant jack-pine trees of different ages 
and diameters, with enough light for good crown development, and growing in compara- 


tively dense, even-aged stands. 


[Measurements by H. H. Chapman in Hubbard County, Minn., 1905.] 


Age. 


Site quality ‘good.’ 


Site quality “‘poor.”’ 


Average . Average : 
diameter ade Basi diameter eae . 
breast BEES: breast Y Basis 
high. crown, igh. crown. 
Inches. Feet Trees. Inches. Feet. Trees. 
1.8 ieee meee ae ileal BV leeoteeeeae 
5.5 11 1 3.9 Gp ee ee 
7.9 14 9 5.9 9 5 
9.4 16 38 7.4 tif 19 
10.8 18 18 8.7 12 3 
12.0 22 4 9.9 14 35 
Sarai 2 a/ate oie | Mesa vae Sara, aia lees eelalewa 10.9 15 13 
EOE Joa, ¥ si BtSa, Slave tale Wepevnesicieiates 11.8 16 8 
Bee ene PEN eS | Son toee ood een s see 18 5 
SiS) State) Sree atl Seay Geto ts Lie gem nee oleic Boeese als 19 1 
sie, s Sire | Sheetal toca eee Preise «| eeie coms ae DIA ora h ame 
BES POSTE EO SS oI OCIS Eo EN eer see eo DAF esis ee ee 
Be See el creer oy REE ane See et ee ene 27 2 
70 91 
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TaBLe 19.—Double bark thickness, at diameter breast high, of jack pine in Minnesota. 


Hubtard County, Minn. Cass County, Minn. 
a ue in d e@ “Tso- 
Diameter i reese eas TRE bee 
ach Partly ; 
high, é “iso- Basis. Bark. Basis. 
lated’’ 
Bark. Basis. nee 
Inches. Inches. Trees. Inches. Tees. Inches. Trees. 
2 0. 23 VS occa a eekin sfeeocobercele comes ccen Ce eeee eae 
3 . 30 28) [a sea SoonecleGretrmede Daee ees See 
4 38 66. |e eseee pene eee 0:39. nee ee 
5 - 46 75 0. 49 3 543 yoseeeeee 
6 . 54 80 61 8 ATS S| Aare ae 
i . 63 85 72 39) ay i 
8 32 57 - 84 13 . 56 4 
9 - 82 7 - 61 8 
10 4 2 > 5 a ae 
11 1.03 5 
12 il: uM 4 5 By 4 
13 1.2 il a 
14 bay 1 - 94 1 
15 1.48 1.02 1 
16 1.59 1.09 1 
17 1.70 1.17 
18 1.79 1.25 
19 1.87 1.33 
20 1.94 1.41 
549 €0 52 


TABLE 20.—Average thickness 0 of bark at different heights above the ground in predominant 
jack pine trees in Hubbard County, Minn. ; 


[Trees 22 to 102 years old. Measurements by H. H. Chapman, 1905.] 


Diam- Height above ground (feet). 
eter 4 
breast as Basis. 
high. 1 | 9 17 25 33 41 49 57 
Inches, 
5 0. 60 0.18 0.12 0.10 
6 64 20 17 12 
7 70 - 26 19 14 
8 76 . 29 21 16 
9 83 32 23 18 
10 91 SAN) . 26 21 
11 96 - 33 - 28 23 
12 1.01 41 -3l 25 
13 1.05 44 . 34 27 
14 1.09 47 «ol . 29 
15 1.12 50 ~39 ool 
16 1.14 52 41 -33 
17 1.16 - 54 43 -30 
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TaBLE 21.—Taper of jack ee trees of different diameters and heights, showing diameter 
inside 
{Based on measurements by H. H. Chapman in Hubbard County, and a few by J. St. J. Benedict in 


Cass County, Minn., of trees cut in dense, even-aged stands. 
Roscommon County, Mich., indicated the same taper as given in this table for trees of different diameters. 


and heights.) 
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Inches. 
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5 
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20-FOOT TREES. 


Height above ground (feet). 


easurements taken on jack pine in 


SCOMNOAe Wt 


_ 


PS COT CTI COND. 
NNNYNRR RRO 


_ 


' 


FRSCRIRO TR S10 Oo Sr OI RS 
NNN NNNNNEEHEHO 


bt tt et 
bt et et 


2 | 3 4.5 9.15 | VAG} 25.45 | 33.6 Basis. 
Diameter inside bark (inches). 
Trees 
1.9 1.8 1.8 1.4 Dat | |Pee ene e cee ase 9 
2.9 2.8 2.7 250) BFA aes oleae eet terete 9 4 
3.9 3.8 3.6 3.1 UMS lace ets menace hal eres iee crete 
4.9 4.7 | 4.6 Ong) 7 eo eer ees 1 
5.9 5.7 | 5.5) 4.7 105 7 A ee eel (os ee A hie 
6.9 6.6 | 6.4 5.5 AAO Peeecree noses aie|oseen sae 
7.8 7.6 7.3 6.3 DAO Roe ae eet reioee | Se ae ee 
14 | 
30-FOOT TREES. 
1.9 1.8 1.8 1.6 is) Ov ay leeccmeare 6 
2.9 2.8 Quite 2.4 ie? Er fall eee 22 
3.9 3.8 3.6 one 2.2 HOS | Pee eae 17 
4.9 4.7 4.6 4.0 2.8 Wes | secek 7 
5.9 5.7 ae) 4.8 aba! 1 Lat See 8 
6.9 6.6 6.4 5.6 3.9 TSN heer 5 
7.8 7.6 (ess 6.4 4.4 ETP ace Cells Se olen 
8.8 8.5 8.2 Ye? 5.0 Ta? Jal | eee Ales eters 
9.8 9.5 9.1 8.0 550) 2.1 SS ea beta amie 
65 
40-FOOT TREES. 
1.9 1.8 1.8 1.7 17 1.3 OTe 
2.9 2.8 PEs 2) 2. 2: 17/ -8 z 
3.9 3.8 3.6 3.3 2.8 Pasi 1.0 41 
4.9 4.7 4.6 4.2 3.4 Pasta) ee, 31 
5.9 6.7 5.5 5.0 4.1 2.9 1.4 25 
6.9 6.6 6.4 5.8 4.7 ai 3) V6. | 24 
7.8 7.6 (283 6.6 5.3 a5 ¢/ ed 21 
8.8 8.5 8.2 7.4 5.9 4.1 1.9 14 
9.8 9.5 9.1 8.2 6.5 4.5 2.1 6 
0.8 10.4 10.1 9.0 Cast 4.9 Zan 3 
eZ 11.4 11.0 9.8 Us th 58) 2.4 1 
PATE 12.3 11.9 10.6 8.3 eT) 2:(6a| See anes 
3.6 1352 12.8 i683 8.9 6.1 OT (ial OR ee er 
168 
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ide bark at different heights above the ground—Continued. 
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TABLE 21.—Taper of jack pine trees of different diameters and heights, showing diameter 
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Basis. 


66.2 


58.05 


49.9 


s and heights, showing diameter 
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Diameter inside bark (inches). 


inside bark at different heights above the ground—Continued. 


Tasie 21.—Taper of jack pine trees of different diameter 
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TABLE 22.—Average diameter outside bark at different heights above the ground for jack 
pine trees of different diameters on quality ‘‘ poor” and quality ‘‘good” sites, ix. Hubbard 
County, Minn., for trees grown mostly in dense, even-aged stands 18 to 78 years old on. 
quality ‘‘ poor,” and 20 to 45 years old on quality ‘‘good” sites. 


[Measurements by H. H. Chapman, 1905.] 
SITE QUALITY “POOR,” 


Height above ground (feet). 


Diam- = 
peeps eae | 9 | 17 | 25 33 AL | 49 | 57 | Basis. 
high. 
Diameter outside bark (inches). 
Inches. Trees. 
1 sf 0.9 Qe ye ire a eave Ree Al ses aes [Mee ee a 1 
2 2.8 1.8 DD eo oF span, Pea pete lech rave erage | Dace a 11 
3 3.9 2.8 2.1 SA eesti ie AT Scene BL | Cag eas ea 22 
4 5.0 3.7 3.0 pF) Val | Semreppis ci Hee erases Bem Nh eS el ee 30 
5 6.2 4.6 3.9 3.1 Fa ape peor) CAG Yost ees fet AR 55 
6 7583 5.5 4.8 4.0 Es an Wm Stel Nal os | 43 
7 8.4 6.4 Be 7 4.9 4.1 PAS ial resists es A cea) Sov 60 
8 9.6 7.4 6.6 Hieite) 4.9 Bigteyal sie oie eka Va a, 37 
9 10.7 8.3 7.4 6.6 5.8 4.7 Bes EM Recess oe 28 
A 10 11.8 9.3 8.3 7.5 6.6 5.4 3.3 ane, 25 
11 12.9 10.3 9.2 +h} 1-8} «6.0 4.4 2.7 14 
12 13.9 11.2 10.1 9.1 8.0 6.6 5.0 Bue 9 
13 14.9 12.2 11.0 10.0 8.7 7.2 5.6 Ce (OS OREts 
14 15.9 13.1 11.9 10.7 9.4 7.7. 6.1 42 3 
15 16.9 14.1 12.8 le -10.0 8.3 6.6 4.6 1 
16 18.0 15.0 BEE 12.3 10.7 8.8 7.0 Hie, (Dt ea ates 
17 19.0} - 16.0 14.6 13.0 11.3 9.4 7.5 5.4 3 
342 
SITE QUALITY “GOOD.” 
2 2.7 De ee Sets 2 hoses a Sinte | Sateen a | | eee eee | eee ee 2 
3 3.9 2.6 pe at aie pate el Oe AE BUSS shoes 8 
4 5.1 3.6 2.9 2.3 Lah eck os ehenee enlace ners 26 
5 6.3 4.6 3.8 3.0 2: OWcSe fate heme eeten sec bree es 30 
6 7.5 5.5 4.6 3.7 256 joe eee heer eel tone ooo 26 
7 8.6 6.4 5.4 4.4. 3.2 ON Sotey eons |i eenegeredes 34 
8 9.8 7.3 6. 2 5.1 3.7 D1 ER aes sal eo a 18 
9 10.9 8. 2 7.0 5.8 4.3 Dy ea a Stee See 22 
10 12.0 9.C 7.8 6.5 4.8 Piet | aete oes t e es S 19 
11 13.0 9.9 8.6 7% 5.4 Shou Pesce oer beeeesee 7 
12 14.2 10.8 9.3 7.8 6.0 BE ener ase lisoee cise 4 
13 15.2 11.7 10.1 8.5 6.6 ANGE Sse ena|pamsaeees 6 
14 16.3 12.6 10.9 9.2 383 Ds1Oall| pe oe ce alseeemeee 3 
15 17.3 13.5 11.7 9.8 7.9 Cie Ul ese ear e se, Sal [is Pe 
16 18.3 14.4 12.5 10.5 8.6 aetoal eS Sees ecco s 2 
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“ABLE 23.— Total volume of slemwood in cubic feet of jack pine trees of different diameters 
and heights in Minnesota. 


[Based on taper curves.] 


Total height of trees (feet). 
pa 
eter 2 ro , 3aci9 
vast 20 | 30 | 40 50 60 | 70 | 80 Bark. | Basis. 
high. 
Total volume, including bark (cubic feet). 
Per 
Inches. cent. | Trees 
28 0.3 0.4 (ONG) Waeceea ac 22.8 15 
oie 6 8 1.0 las) 4] 21.3 28 
At AT 1.4 1/8 Q5Sha| 20.0 66 
bos irs Pasi PAT 3.5 19.0 73 
6.. 25 3.1 3.9 5.0 6.1 ellen | = She 18.1 93 
(heh 3.4 4.2 GP 6.8 8.3 C7 el Lae Ba 17.4 95 
8.. 4.4 5.4 6.7 8.7 10.7 12.5 14.8 16.9 72 
OY 089 | eS 6.9 8.5 10.8 13.3 DDE Sie |, Sates |) wel 6e4 62 
Qee 2 sees 8.3 10.3 13.4 16.0 19.1 23:0; -Last6a0 64 
F/R S S 12.4 15.8 19.4 23.0 | 27.0 15.6 36 
Bere baa pate loca Sees 14.5 18.5 23.0 27.0 32.0 Te) 27 
(eee eae ee ee eee 16.6 22.0 26.0 31.0 38.0 14.7 10 
Tile 2 SUE 5 es ee 19.2 25.0 30.0 36.0 43.0 14.2 8 
epee Pe ee ral Sate nave <a cia tien eine 28.0 34.0 40.0 49.0 13.6 i, 
ieee ee seen e note ere OOS 31.0 38.0 46.0 55.0 13.0 4 
ee | Geer eR es ee 2 35.0 43.0 51.0 61.0 1253 3 
Te = tae cee al (ean alge Re Da ea 38.0 47.0 56.0 66.0 IAL) A a ee 
TN SAS See eel Eee RAED weal ae arora 52.0 62.0 74.0 LOS Zire ene ae a 
Ny eran ener rans EL S/S caiete ate aillcta ao slate a 56.0 67.0 80.0 ON Biya 
| 8 


“ABLE 24.— Merchantable volume of stemwood in cubic feet of jack pine trees of different 
diameters and heights in Minnesota. 


[Based on taper curves. Stump height, 1 foot; top diameter outside bark, 3 inches } 


Total height of trees (feet). 


LD SS 
eter . 
ase 20 | 30 | 40 | 50 60 70 | 80 Bark. | Basis. 
high. 
Merchantabie volume, including bark (cubic feet). 
Per 
Inches. : cent. Trecs. 
4 0.9 a: io; 7 ys Ula beet seat | (Se ae ns] |e Me 20.0 66 
nee 1.4 1.8 2.5 iat |B oeameee teats PEERS eee ne 19.0 73 
(ye Dae Ei) Shp) 4.6 5.8 GEOR A ese eae 18.1 93 
Vie 3.0 3.8 4.8 6.3 ets OF ACS aes shee 17.4 95 
B23 4.0 4.9 6.1 8.0 10.1 12.0 14.2 16.9 72 
(2) eee ie 6.2 7.8 10.2 12.5 15.2 18.0 16.4 62 
Tee ee ee Wind 9.6 1PA3} 15.4 18.3 22.0 16.0 64 
he 11.4 14.8 18.2 22.0 26.0 15.6 36 
13.5 is 22.0 26.0 31.0 15.2 27 
15.5 20.0 25.0 30.0 36.0 14.7 10 
18.0 23.0 29.0 34.0 41.0 14.2 8 
SE OE eae 26.0 32.0 39.0 47.0 13.6. 2 
Rateeesae lace eee 29.0 37.0 44.0 52.0 13.0 4 
eee Eee ee 33.0 41.0 49.0 59.0 1223 3 
ARR cS epee | Se eee a 36.0 46.0 54.0 65.0 Tom |ee ce ece 
By Sssere |e aelnel sit arsenime 50.0 59.0 72.0 LO Aer eset 
SERN aaie | rater et ateal eee 55.0 66.0 79.0 Ute Wha sca eerie 
615 
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TaBLe 25.— Volume in board feet of jack pine trees of different diameters and heights in 
Minnesota. 


{Scaled by Seribner Decimal Clogrule. Stump height, 1 foot: top diameter inside bark, 5.5inches. Based 
on taper curves, scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. ] 


Total height of trees (feet). 

Diam- ; 

eter 5 . 

TESaBSE 20 | 30 | 40 | 50 60 | 70 | 80 Basis. 

high, 

Volume (board feet). 

Inches. Trees. 

8 23 36 50 72 
34 50 68 62 
46 65 87 64 
59 81 108 36 
73 98 130 27 
88 116 152 10 
104 136 176 ts) 
121 158 203 2 
139 182 232 4 
158 207 263 3 
178 234 97 Ge ee ace 
198 262 S2ibe lace 
220 291 303%) Gateoeae 

288 


TABLE 26.—Volume in board feet of jack pine trees of different diameters, and nwmber 
of logs per tree, in. Minnesota. 


[Scaled by Scribner Decimal Clogrule, Stump height, 1 foot; top diameter inside bark, 5.5inches. Based 
on taper curves; scaled mostly as 16.3-foot logs, with a few shorter logs where necessary. | ‘ 


Number of 16-foot logs. 
Diam- 
eter : a 
ieee 1 | 14 2 | 25 | 3 | By | 4 Basis. 
high, 
Volume (board feet). 
Inches. Trees. 
ef 14 24 39 Bal fesse ames, kee eae 72 
OE see il 27 42 BOWNESS RIS ua ches Rear 62 
1065 20 30 46 65 oy MER oes airs 64 
1 baer em ooo 33 51 72 OS Eas a eee cee 36 
HD oer cera 37 57 81 105 132) | aes 27 
Lise alaorGcooS 41 64 90 118 1 il er ee 10 
1 ete (ae ae 45 73 101 131 163 187 8 
PD: as ,5|osersets be | eeeateees 83 113 146 181 213 2 
PGS Sao ce eee eee 94 127 163 201 239 4 
Whee ale ee ee ee as 106 141 180 223 266 3 
U3 as lees earl [e tears nears 121 156 198 245 294. Aes 
BO. 2 cre seraereell ee eee eee ae ence 171 217 269 BVPI eee esis 
207 Al eleiceecaealeoceenenlbeee eee 188 237 293 By Gee Me aa 
288 
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TasuEe 27.—Volume in board feet of white pine trees of different diameters and heights. 


[Based on mill cut of lumber from 1,578 trees in southern New Hampshire, 60 per cent being round-edgeg 
lumber. Measurements by L. Margolin, 1905.] 


Total height of trees (feet). 


Diameter 
breast 
high. 30 40 50 60 70 80 
Boardfeet. | Board feet. | Board feet. | Board feet. 

15), Eee es Bae eae see eer 
23 27 29 
34 39 44 
45 53 62 
56 69 81 
70 85 103 
84 103 126 

100 125 151 

117 148 130 

137 173 210 

158 200 241 

181 230 277 

209 261 313 

238 297 352 

270 335 393 

302 372 436 


This table was used in calculating mill-tally yieldsin Table 10. Itis given for comparison with Table 25 ; 
gaan board-feet contents of jack pine trees of different diameters and heights scaled by Scribner Decima: 
€ log rule. . 


TABLE 28.—Number of ties per tree in jack pine trees of different diameters in western 
Ontario. 


From an article by L. M. Ellis in the Forestry Quarterly, March, 1911. Basis 100 trees. Equivalentino 
board feet added by the author. 


Diameter| Total No. 1, No. 2, Cull, Paiva 
breast | height |(4¥ = g).| 777" | 6’ x6" | 5x5” | Total. Bee a 
high. |(average). SENSI NS 2610 x 8’ feet 
Inches Feet. Years 

1 56 re Hoel See 4 0.8 Lait 1.9 37 
il 61 55 0.3 2.0 1.0 ® 3.3 74 
17) 66 62 1.2 1.8 8 3.8 Q4 
13 70 7 2. 2, 1.5 -8 4.5 119 
i4 74 80 3.2 5 4 pal 145 
15 77 91 3.8 1.3 “8 5.4 158 
16 81 107 4.0 1.2 «2 5.4 160 | 
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TABLE 29.—Stand of trees on jack pine land, Roscommon and Crawford Counties, Mich. 


[Average of 100 acres. Measurements by T. H. Sherrard, 1901.] 


| Nor- F e 
a ke Soc Jack |Searlet Red | White} White|Tama- White 
Diameter breast high. pine. | oak. vey Aspen. oak. | pine. | oak. | rack. Spruce Ahi Total. 
Inches. 

1 tee eee ees te Bal er 11. 86 2.09 0. 29 0. 42 0.14 0. 20 0.08 ORC4a asses OU Sees 
Dee ac ak ee es 15. 69 2,19 322 19 =25 a WN Pacer ct 06 CO) (22) 215 oie ra piece 2 
Ss RE Sa AD EL 14.42] 1.20 -10 - 03 12 01 04 oy 01 Olt Giese 
A te aE ee ee 14. 47 . 97 - 68 .02 03 03 Ol Oia ne OD ssa 
eee ea Or eee ot 12. 02 358) 04 01 02 01 03 05 (O74 || Be Ene ee 
Gta eee Es ea ae 8. 26 - 40 1033] eae OL aes Qe Sa aspects f Os 
Mos Bye aye ee he ee Ree 4.68 . 26 OLS eens (OP45 [ly eres {Oe ea Percoll als A RD 
Sa er Wap Bie pe 2.62 = INS AOAC E Mas O2h Aaa eis 01 COIL oat OA Ia 
Qe Se RS See ee 2.69 07 OY ys Bee Se tha he IR Uae ie el | cease eee Eagle 
LOS eer eee 1.31 - 03 OArh Nes ae Ol CSTE) PRN LENS Kae a a os UL Sams ed ene een 
i eases Aes amet ae 2 27 04 Pa 2 (eens pap even bo NN a ee I oH CL Le el 
De as aie Soe eieeeieae SOdn|Reeeeee As ioe eae A ieee | a sean CO) EE Se eecs eas IS ay oie eceenl 
13) 2 es SS eee SOL See OD Ne TAN OL ARGS Sy I CLR te em aE nea) a 
14 oot Stee eee Aes |e ae Fi 0) se) | amie a || Roepe Kiet Pe Fee eee ee lata aes at) Oe Oa A 
I eee See Sea cs. SAO on Pha as eaten Pe | eas re ee eae lS ot soe alle gy ee ele Sie a 
NG bac a Seyret en BE 2 TE a Ses | sea pe ae el ee a el Pee as i. OO 
DT crstahy alae sees ae es ee eNO) fin 5 Bich elias Foss I SE a ae aa eee sete ei| Sola) 
15s - 2005 soe goons es | Pee a | See O57 |S aeas| ee cee Ob sake beers 5 a1 Rel ee eo 
19 's.cc sn SE as ese Seo e ed eee alee Pa 0 a eee ace Nar a ell laser lt ie ae emt 
DA ese a oe SE el ene | en PaO Waa | Se eer Ha cg (Or ee al hc ae ee | ae ee eel 
DB ia tas scial = eae eas a RS A Vi yt gn TRIP aT ep ale A Si eg Bad yo UN 
Qh eee RSs eee ES | a | ae SOD shes 2s ha MS SPS epee Te a a dh eda rN 
DD ioreainis 2 Ladies Sa Fee Beer SOU bs Sh LE cre eee acre R22 eee (a ee | ae i lS 

Total: 223s 88.35 7.93 1.36 .67 . 60 1.40 Ae .18 -07 - 03 99. 86 
Pericent 52 eee eee 88.48 | 7.94] 1.36 .67 . 60 -40 oii .18 07 .03 | 100.00 
Average diameter......| 4.40] 3.50] 10.30} 1.80] 3.30] 6.10] 5.10} 3.60) 3.20] 3.00 ]-...... 


TABLE 30.—Stand of trees on jack pine land, site quality! in western Ontario—A verage 
of 11 acres. 


[from an article by L. M. Ellis in the Forestry Quarterly, March, 1911.] 


Jack White Black | 
- : Aspen. Balsam. 
: reh, Truce. 
Diameter breast ae biel at ae | 
high. 
Average number of trees per acre. 
Inches, 

BE AE Sr ie 1.0 26.2 0.8 T3sO) 9 es eee 
Ise tar yee PU Ss 2; 24.7 UE 2155 0.5 
Geos Se Re 22) 22.5 4.2 19.2 25 
Ts Se ee 6.0 25.0 27. 15.2 518) 
8252 aaa ees 1205 16.7 4.2 9.5 5th 
Qbear Vigo 7.0 4.5 6.5 .50 
WO 2 cee oat soa 12.5 2.5 Baits 2.5 . 50 
1 re ee ea Mae 12.2 le 7/ 3.0 2.2 B25 
1 PAR oD eas en 124 1.2 Pati) Ue7/ 225 
ike Perm eye serra 11.0 BS Tey .02 -25 
LC Reema te ne A GLO ese aeeee S12) | eee ees 220 

Se niewere es are Be as ea SOD eras oP ee Ree eee 
1 Neen a mete EG oe I Ve eens emp Ae A ooo oeoocase 

To fale 93.0 128.0 27.0 91.0 4.0 
Percent {2aeecese 27.0 BY AL0) 8.0 27.0 1.0 
Trees 10 inches and over in diameter, breast high. 
Motalaesccns 57.0 59.0 11.6 6.4 1.50 
Percent. seen e.<5 42.0 44.0 8.4 4.6 1.0 


Yield of jack pine on these acres about 25 per cent higher than the average for this typein western Ontario, 


1 Deep, well-drained soil on which jack pine produces its largest returns in sizes suitable for cross ties. 
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TasiE 31.—Stand of trees on jack pine land, site quality! in western Ontario—Average 
of 10 acres. 


[From an article by L. M. Ellisin the Forestry Quarterly, March, 1911.] 


Jack Black | Balsam i soe 
aoe alan hienat pine. spruce. fir. Larch. Birch. ) Aspen. 
high. — — - —— 
Average number of trees per acre. 
8.2 124.4 44.1 0.8 20.8 0.4 
8.8 41.7 2.2 1. 4.3 | 6 
16.5 40.4 4 1.6 8.8 1.8 
27.4 16.4 .3 2.0 4.8 1.5 
32.8 14.1 2 1.4 1.5 1.3 
16.8 12.3 2 a) 4 -5 
9.6 ba eee eer oiDine| tes seas ae 2 
3.2 3. Ob stun oe eee | ee ines | adi 
SOs Ua Sachs ell omarion eee ELC es Pe ee ee ee 
a tag SE EEN Lo ee el ea |e, oe Dee ee ine eee 
Total.........| 125.4 | 235.3 | Mh 1 8.3 40.6 6.4 
Neer conte .5-.224 5 27.0 50.4 | 11.2 | iter 8.6 ies 
Trees 10 inches and over in diameter breast high. 
Matrale -s 238. ts] 14.9 HIP hon ed ea ee ORG pee ease] 0.3 
IRer'Cent...0s: S25 54.0 ABEO) dee ate saree 210M aes Secee 1.0 


1Includes higher hills and ridges, with scanty soil and lowlands bordering muskegs. In northern 
Manitoba and northern Ontario the largest part of the interior regions is occupied by this type, on 
which jack pine rarely reaches merchantable sizes, and never in such bedies as to make commercial 
exploitation profitable. 


TABLE 32.—Height and yield per acre of managed or normal stands of Scotch pine (Pinus 
sylvestris) on different qualities of site at different ages. 
[From ‘Yield Tables for the Scotch Pine,” by Wilhelm Weise, converted into English measure and 


arranged by William Schlich, 1880. Based on 351 Scotch pine woods in Alsace, Baden, Bavaria, Prussia, 
and Saxony. Cubic feet reduced to cords by dividing by 90.] 


Final yield per acre of wood 3 inches 


Average height of stand. SG) Gueie a GEST. 


Age. Quality ofsite. Quality of site. 
iE 1515 Til. ine Vi T. TI. Til. IV. Vis 

SERRA ES. 3 | Sey ile ad eB SS ah S| SE al ae es 

Years.| Feet. Feet. Feet. | Feet. Feet. | Cords. | Cords. | Cords. | Cords. | Cords. | 
25 31 25 21 18 15 16. 22 5.56 Sie: 1.89 1.56 
30 38 31 26 22 19 24.56 13.00 9.22 4.89 4.00 

35 45 36 30 26 22 34.00 | 23.78 | 16.00 9.89 6.78 | 
40 51 41 35 31 25 43.00 | 31.44 | 21.89 14.33 10.00 

45 58 46 39 34 28 | 50.00 | 38.56 | 26.22 18.78 13.00 | 

50 64 51 43 37 31 56.22 | 43.78 | 30.00 | 22.67 15.89 | 
55 68 55 47 40 33 | 61.56 | 48.22 | 33.44 | 26.007 | 18.44 
60 72 60 51 42 35 | 66.89 | 52.11 | 36.67 | 29.00 | 20.78 
65 76 64 54 45 37 71.44 55. 44 39.67 | 31.89 | 23.00 
70 80 67 57 47 39 75. 44 58.33 | 42.44 | 34.11 24.89 


i 


_ TaBLE 33.—Intermediate returns from thinnings in normal stands of Scotch pine on 
different qualities of site at different ages. 


[From same publication as Table 32.] 


Yield per period of years. Cumulative intermediate yield. 


‘ A ge of 
Period =|———————___ ol 
of Quality of site. see Quality of site. 
years, jd) : - 
i II. Tee EV: Vv. I II I. | IV Vv 

ts Cords. | Cords. | Cords. | Cords. | Cords. Cords. Cards: Coie. Cords. | Cords. | 

0 to 25 1.41 | 0.08 (URS lin shee aes Bae ae 25 217 i OUOS TBE oe Sache 2 see 
25 to 30 2.09 56 -50 0.19 0.10 30 4,26 -63 03 0.19 0.10 | 
30 to 35 2. 81 1.50 1,34 52 24 35 7.07 2.13 1.88 7 34 
35 to 40 3. 28 2.42 1. 87 94 30 40 10. 34 4.56 3. 74 1.66 70 | 
ae ae 45 3 3 z _ 2. be if - 52 45 13. 83 a ie s 33 4 fe F 22 | 

5 to 50 Bt) 2.29 1 27 61 50 17.34 0. 2 é é 
50 to 55 3. 63 Buel 2.33 1.42 68 55 20. 98 13.54 10.56 5.50 2.51 
55 to 60 3.47 sis llil 2.26 1.42 63 60 | 24.44 16.66 | 12.81 6.92 3.14 } 
60 to 65 3. 41 3.03 2. 04 1.48 63 65 | 27.86 19.69 | 14.86 8. 40 3.78 | 
65 to 70 3.30 2.92 1.99 1.40 63 70° | 31.16 - | 22.61 16. 84 9 4,41 
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TasLE 34.—Summary of sample plots, site quality ‘‘geod.”’ 


[Total area of plots, 42.322 acres; average area, 0.694 acre. Measurements by H. H. Chapman, Hubbard 
Plot numbers in parentheses indicate selected plots used in construction of yield 


County, Minn., 1903. 
table.] 


Plot 
number. 


Age. |Total. 


Jack pine. 


5 to 9 
inches, 


Living trees per acre. 


10 


inches] 1 to 4 | 5to 9 jinches| « 


and |inches.|inches. 


over. 


1,477 
| 2,817 


1,021 


=) 
iS) 
Oo 


430 
795 
572 
559 
721 
606 
560 
261 
499 
427 
903 
524 
526 
343 
337 
678 
399 
601 
424 
414 
317 
360 
435 
491 
459 
592 
615 
480 
525 
237 
453 
345 


Other species.! 


10 


and 


over. 


Average. | Living trees. 
ae 
: rees 
Diam- per "| Den- 
fie , Tinea cent | sity 
Heae'|Domi-|' Total] [tal ) of | of 
z >| nant | basal ae Hvine stand. 
Paaher height.| area, acre. | ume. 
and 
over 
Square | Cubic 
Inches.| Feet. | feet. | feet.2 
5.2 27 51 726 0.6 1.0 
5.0 31 91 | 1,347 Ai 1.0 
5.4 33 51 824 od 9 
53) 36 56 941 5 1.0 
5.6 32 60 oh bi eee 1.0 
6.5 37 80 | 1,457 1.4 9 
5.9 41 67 | 1,280 aS 9 
6.5 AT 109 | 2,403 1.4 1.0 
6.4 44 75 | 1,616 2.4 95 
6.0 38 74 11,378 12 . 85 
6.2 41 75 | 1,421 Ted 9 
6.3 43, 94 | 2,009 Pail 1.0 
6.7 50 102 | 2,523 1.0 -95 
6.6 45 94 | 1,966 2 .95 
6.0 41 87 | 1,591 38 1.0 
6.2 44 92 | 1,761 a5 «9 
6.5 45 103 | 2,100 3.0 -95 
6.4 57 98 | 2,075 2.6 1.0 
6.9 46 93 } 1,110 9 195 
6.5 43 90 | 1,805 ey <95 
57 47 94 | 1,987 5.83 1.0 
6.1 43 99 | 1,959 3.1 95 
6.7 52 144 | 3,529 5.9 -95 
7) 54 130 | 3,335 ail -85 
(22 52 109 | 2,680 2.5 -95 
7.0 50 101 | 2,411 2.5 -95 
6.9 49 8441,951] 1.3 9 
6.0 46 109 | 2,461 Ue? 150) 
6.5 49 126 | 2,977 3.9 9 
6.9 55 110 | 2,899 2.9 -95 
6.1 52 132 | 3, 237 6.2 9 
6.6 52 116 | 2,855 6.7 95 
6.4 50 107 | 2,638 4.6 -95 
6.1 51 111 | 2,644 5. 5 95 
6.4 50 107 | 2,690 5.6 -95 
6.7 47 92 J 2,048 1.5 -95 
7.9 62 83 | 2,485 | 14.8 9 
6.7 53 104 | 2,667 6.1 9 
6.5 46 84 | 1,841 1.8 9 
6.1 50 146 | 3, 653 Ue 1.0 
6.6 49 118 | 2,885 |] 12.1 95 
6.9 51 113 | 2,805 5.3 95 
7.9 55 97 | 2,373 9.1 85 
8.0 63 104 | 3,212 4.5 9 
6.3 55 131 | 3,620] 12.3 1.0 
7.0 56 100 | 2,729 03 aOR 
6.6 57 103 | 3,010 4.3 9 
7.4 56 114 | 3,560 Sil 85 
7.4 58 100 } 2,761 2.2 95 
7.4 61 91 | 2,725] 5.1 .85 
ed: 68 97 | 3,327 | 29.7 9 
Ho 69 114 | 3,902 iia 9 
6.8 63| 125] 3,924] 12.8 .95 
Wout 60 119 | 3,472 10.8 9 
6.4 55 Tle (sy Pale || ables} 1.0 
6.3 57 122 | 8,580] 15.0 1.0 
6.8 60 116 | 3,555 | 18.6 1.0 
6.6 61 120 } 3,680} 15.4 «95 
8.2 63 91 | 3,683 | 23.3 8 
6.9 61 112 | 3,408 10.6 9 
7.8 65 119 | 3,719 | 20.0 -9 


1 Includes Norway and some white pine. : 
2 Alltrees 2inches and over in diameter breast high. Total volume, including bark. 


County, 


JACK PINE, 


TABLE 35.—Summary of sample plots, site quality ‘‘poor.”’ 


[Total area of plots, 47.924 acres; average area 0.715 acre, Measurements by H. H. Chapman, Hubbard 
Plot numbers in parentheses indicate selected plots used in construction of 


Minn., 1995. 


yield tables.] 


Plot 
number. 


Gees: 
(109)... 
aie 


Age. |Total. 
Years. 
24 665 
27 810 
30 717 
30 697 
30 520 
31 829 
32 672 
32 855 
34 832 
34 603 
34 | 1,087 
34 458 
35, 915 
36 976 
35 507 
37 553 
37 | 1,162 
37 | 1, 220 
St 45,125, 
38 262 
38 613 
38 538 
38 215 
38 403 
39 625 
39 776 
40 437 
41 800 
42 505 
ol 268 
51 573 
52 430 
53 258 
53 577 
54 531 
54 424 
54 532 
54 563 
55 505 
55 397 
55 348 
55 397 
55 563 
55 694 
55 473 
55 490 
56 402 
56 548 
57 365 
57 368 
58 276 
58 578 
59 223 
59 537 
60 301 
62 504 
63 348 
63 300 
64 244 
66 351 
68 293 
68 316 
70 211 
70 436 
71 249 
75 258 
78 250 


Living trees per acre. 


Jack pine. 


10 
inches| 1 to 4} 5to9 
and |inches.|inches. 
over, 


5to9 
inches. 


Other species.! 


10 
inches 
and 
over. 


1 Includes N 


orway and some white pine. 
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Average. 


Diam- 

eter, 

breast | Domi- 
high, 5| nant 
inches height. 
and 

over. 


Inches.| Feet. 


SIGNED ES ISI oe ene eee IONE CACC DCO CED NCD ECD CD EO EAC ES en CD CD Een ie Geral Der as EMCEE D SD EC MOD CCHS Neue 
CHE NOM CRAIN DO ONWOWNOH WO ONNIWONNWROONMLOOME EOE OH POOCIN EN ENO BOOM IE or 


Total | 2otal 
basal | ¥ 


Square| Cubic 

eet. | feet.2 
762 
975 


Living trees. 


Dead 
trees, 
per | Den- 
cent | sity 
of of 


vol- 


PRE core 0,85 
1.0 -9 
6 -95 
1.5 =o 
a) 295 
3.1 -95 
-6 -95 
7.2 -95 
ise!) 95 
1.8 AL) 
3.2 1.0 
1.2 9 
1.4 -95 
3.7 1.0 
3.6 -85 
4.0 -95 
10.5 1.0 
3.7 -9 
3.8 1.0 
33.6 15 
2.4 95 
2.7 8 
«1 15 
1.8 “wy 
2.1 a) 
10.6 95 
5.3 ao 
4.4 -95 
1.4 -9 
21.9 -8 
6.3 oy) 
12.8 -85 
12.4 -85 
6.9 =) 
5.6 8 
bho -9 
8.9 1.0 
9.9 -95 
20.7 -85 
16.8 -8 
14.5 at!) 
13.5 8 
6.0 -95 
6.0 -85 
15.1 oy) 
12.4 -95 
8.8 8 
15.7 78 
13.4 -75 
8.1 -9 
8.3 a) 
11.4 -8 
46.1 -85 
13.8 85 
29. 4 -85 
8.4 -95 
16.8 38) 
40.2 8 
8.4 ao 
16.4 “o) 
7.2 8 
6.9 9 
3.1 -85 
8.9 a8) 
14.9 85 
17.2 85 
28.9 -8 


2 Alltrees 2inches and over in diameter breast high. Total volume including bark. 
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CLIMATIC CONDITIONS IN THE CORONA DISTRICT. 


N DECEMBER 25 and 28, 1912, and during January 5, 6, 7, 8,- 
11, 12, 15, 22, and 23, 1913, many lemon trees in California 
were severely injured by low temperatures and the accompanying 
adverse atmospheric conditions, including violent winds and very 
low relative humidity. As the writers were then stationed in southern 
California in connection with the citrus-fruit improvement investiga- 
tions of the United States Department of Agriculture and were 
spending considerable time in the lemon district near Corona, it 
seemed advisable to study the effect of these low temperatures in 
this particular region. 

The maximum and minimum temperatures, the rainfall, and notes 
upon wind and other climatic conditions for December, 1912, and 
January and February, 1913, in the immediate region where these 

studies were made are shown in Table I. These data were gathered 
in accordance with the rules of the United States Weather Bureau, 
and the climatological instruments were housed in a shelter, as shown 


1The writers are especially indebted to Miss Katharine G. Bonner, of the Office of Horticultural and 
Pomological Investigations, for the computations and the preparation of the tables in this bulletin. 
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in figure 1. On nights when minimum temperatures of 31° F. or 
lower were recorded, firing was practiced in all orchards that were 
provided with heaters. 


Fic. 1.—Thermometer shelter, showing the arrangement of themaximum and minimum thermometers. 
and the thermograph from which the data presented in Table I were secured. The shelter faces the 
north, and the instruments are placed about 3 feet from the ground. 


The Corona district consists of an area of about 5,000 acres of 
citrus fruit, in an almost unbroken planting, upon a mesa which slopes 
to the north and west. The orchards in which the studies discussed 
in this bulletin were made are located in the center of this area. The 
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altitude of that portion of the mesa where these studies were made is 
about 1,000 feet. The mesa is protected on the south and east by 
the Santa Ana Range of mountains, having a general altitude of about 
4,000 feet. It faces the Santa Ana River valley to the north and 
west, and has an open and unobstructed exposure in these directions. 


TasBLe [.—Climatological record of a lemon orchard near Corona, Calif., for the months 
of December, 1912, and January and February, 1913. 


December, 1912. January, 1913. February, 1913. 
Day of | Temperatures Temperatures Temperatures 
Lae (2); Cas eUReye 
month. Rainfall Rainfall Rainfall 
7... | (inches).| Notes (inches).| Notes. (inches).| Notes. 
Maxi-| Mini- Maxi- | Mini- Maxi-| Mini- 
mum. |mum. mum. | mum. mum.}mum. 


1 Records secured by Thos. C. Sias, weather ob- 4 Violent north wind; minimum temperature on 
server for the Corona district. road alongside orchard at3a.m.,17°; temperature 

2 White frost. did not reach 32° until 11 a. m. 

3 Violent north wind. 5 Missing. 


6 No damage, owing to clouds and high humidity. 


METHOD OF ORCHARD HEATING. 


Many of the lemon orchards in the Corona district were provided 
with orchard heaters for the protection of the trees and fruits during 
the low temperatures of December, 1912, and January, 1913. These 
heaters, for the most part, were oil burners of simple construction. 
The type of heater in most common use is shown in figure 2. The 
fuel used was a low grade of distillate. The heaters varied greatly 
in size, the smaller ones holding from 1 to 3 gallons of fuel each, while 
the larger ones each had a capacity of 7 to 9 gallons ot oil. Some 
experimental heaters, having a much larger capacity and arranged 
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to provide a more complete combustion of fuel with a consequent 
small amount of smoke or smudge, were tried during this period, 
but they were abandoned later, owing to mechanical difficulties and 
other causes. : 

Usually one heater for every tree was provided, and in some cases 
two rows of heaters were arranged on the north and west sides of the 
orchards. The heaters were usually placed in the center of the 
square made by four trees, as shown in figure 3, so as to avoid as far 
as possible injuries to the foliage and fruits from the flames or from 


Fig. 2.—Thetype ofheaterin most common use in the Corona district. From left to right inthefore- 
ground are shown a gasoline torch for lighting the orchard heaters, a can for distributing oilto the 
heaters, and a style of heater of about 9 gallons’ capacity. In the background stands a small oil 
tank. The oilis drawn off from the tank through a valve at its base, shown at the right. 


close contact with the heaters. They were lighted, as a rule, when 
the temperature in the orchards dropped to 31° F., although the 
temperatures at which lighting began depended somewhat upon other 
conditions than those of temperature and the time of night at which 
the low temperature was reached. For example, if the temperature 
dropped to 32° F. before midnight the heaters were usually lighted 
at this temperature. If the temperature did not drop below freezing 
until the early morning, as was frequently the case, the heaters were 
usually lighted at 30° F. In some cases when the temperature did 
not drop too near the danger point until 5 to 6 a. m. the heaters were 
not lighted until the thermometer reached 29° or 28° F. 
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Adequate provision was made in all the protected orchards in 
which these studies were conducted for refilling the heaters from 
storage reservoirs, such as the one shown in figure 4, and for their 
continuous care during the frosts. One of the methods used for 
distributing the oil is shown in figure 5. It can be safely said that 
in the orchards under observation the maximum efficiency of the 
heaters was obtained during the cold periods. 


OBJECTS OF THE INVESTIGATIONS. 


The effect of the low temperatures upon the lemon trees in non- 
heated orchards was very noticeable immediately following the freeze. 
The trees in non- 
heated orchards were 
partially or com- 
pletely defoliated, as 
shown in Plates I 
andII. The treesin 
heated orchards did 
not show this con- 
dition to any marked 
extent except in the 
upper branches, 
where the leaves were 
blown off by the 
violent winds which 
accompanied the low 
temperatures, as 
shown in Plate III. 
In the nonheated or- 
-chards in many in- 
stances the bark on eae 

: Fic. 3.—Heaters in position for use in a Corona lemon orchard. The 
the branches and, m heaters are usually set on a small board or other support in order to 
some cases, on the avoid as far as possible damage fromrust due to contact with the soil. 

Great care must be used in order to prevent leakage from the heat- 
trunk of the trees } ers, aS evensmall quantities of oilin orchard Soils have been found to 
was split more or less beinjurious tothe trees. Assoonas the cold weather is over, the pots 


are usually removed from the orchard, emptied, cleaned, coated with 
severely. Often it hot oil, and stored for the summer. 


was necessary to cut 

off these injured branches during the spring months following the 
low temperatures, in order to aid the trees in recovering from frost 
injury. In nearly all cases where trees were defoliated it was 
found desirable to whitewash the trunks and main branches, in 
order to protect the trees from further injury by exposure to the sun. 
It was therefore possible, in a general way, to determine the amount 
of immediate injury to the trees themselves. 
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A number of other factors are of even greater consideration than 
the immediate injury to the trees. In order to secure definite infor- 
mation concerning these factors, the investigations discussed in this. 
bulletin were undertaken. The objects of these investigations were 
(1) the determination of the effectiveness of orchard heaters, as 
measured by the number, commercial quality, and value of the fruits 
produced by lemon trees in orchards protected by oil heaters and in 
comparative unprotected orchards, (2) the determination of the 
length of time it took trees in orchards which were not protected 
with heaters to return to normal production, (3) the determination 
of the behavior of lemon trees in heated and nonheated orchards the 


Fic. 4.—Cement reservoir for the storage of oil used in orchard heaters. A largesupply of oilis stored 
in this tank to be used for refilling heaters during periods of low temperature. The reservoir is 
arranged So that the oil can be carried by gravity through pipe lines to various sections of the or- 
chard, or the oil can be pumped, if necessary, directly into tank wagons for distribution to the 
heaters. 


second year after the freeze, and (4) a comparison of the frost injury 
in orchards of both Eureka and Lisbon lemon trees, which are the 
two important varieties grown in California. 

On account of the fact that previous to the freeze no tree records 
had been kept in the comparative heated and nonheated orchards 
under observation it is not possible to show the behavior of the trees 
in these orchards prior to 1913. However, all plats were located in 
orchards where the conditions were as nearly comparable as possible. 

The object of this publication is not to cover the subject of frost 
protection, but to submit data which shows the actual behavior of 
trees in protected and unprotected lemon orchards in one district of 
southern California for the two years following the freeze of January, 
1913 
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A EUREKA LEMON TREE TYPICAL OF NONHEATED ORCHARDS. 


This tree shows excessive defoliation caused by the low temperatures and strong winds during the 
winter of 1912-13. A comparison with Plate 11 shows the relatively greater injury done to Eureka 
than to Lisbon trees in the unprotected orchards. Photographed in January; 1913. 
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A LISBON LEMON TREE IN PLAT I0, TYPICAL OF NONHEATED ORCHARDS. 


Most of the fruits which were not protected by heaters during the low temperatures of 1912-13 were 
so badly frozen as to render them unmarketable, and the trees were almost defoliated by the low 
temperatures. Many of the unprotected trees were seriously injured by the splitting of the bark, 
so that it was found necessary to practice severe pruning in order to cut off the injured limbs and 
renew the tops. Photographed in January, 1913. 
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A LISBON LEMON TREE IN PLAT 9, TYPICAL OF PROTECTED ORCHARDS. 


While the top of this tree, which was protected by orchard heaters, was partially defoliated by the 
violent winds, the tree and its fruits were but slightly injured by the low temperatures of 1912-13. 
Photographed in January, 1913. 
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PLAN OF THE INVESTIGATIONS. 


The investigations discussed in this bulletin were one feature of a 
general study of the effect of frost injury on citrus fruits conducted 
by Dr. H. J. Webber, Director of the Citrus Experiment Station of 
the University of California, at Riverside, his associates, and the 
writers. A report on certain phases of the studies has been pub- 
lished by Webber and others.1. Only a brief abstract of the 
investigations discussed in the following pages appears in the 
above-mentioned report. 

Owing to the fact that frost injuries frequently vary in degree in 
the same orchard, due to such local conditions as the lay of the land, 
care was used in the selection of the comparative heated and non- 
heated plats, so that they were practically identical with respect to 


Fic. 5.—Tank wagons used for distributing oil toempty heaters. These provide means for quickly 
filling the empty heaters during periods of continued low temperature. Some of the orchards are 
fitted with pipe lines which distribute the oil to different sections. 


the influence of low temperatures and other climatic conditions. A 
committee, which included Dr. Webber, four prominent citrus grow- 
ers, and the writers, made the selection of the plats and agreed upon 
their adaptability for the purpose of this study. In every case the 
comparative orchards were very near together, usually adjomimg 
eroves, and at the same altitude. The trees were about the same 
age—20 years—so that differences in production could not be 
attributed to any marked difference in the age of the trees. After 
a careful survey of the orchards the trees for the comparative plats 
were selected with a view to insuring fair and comparative conditions. 


1 Webber, H.J.,andothers. A study ofthe effects of freezes on Citrusin California. Cal. Agr. Exp. Sta. 
Bul. 304, p. 243-321, 22 fig. 1919. 
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In order to enable the observers to secure individual-tree performance 
records from as many as 10 plats it was found necessary to arrange 
the plats in such order that the smallest possible number of trees 
would give reliable data of the comparative tree and fruit conditions 
in the heated and nonheated orchards. Each plat included a block 
10 trees long by 10 trees wide, or, roughly speaking, an acre of lemon 
trees. On account of the great amount of work which would ‘be 
necessary in securing individual-tree performance records from all 
the trees in the selected plats, it was found necessary to restrict the 
actual detailed records to not more than 10 trees, and in some cases 
to 5 trees, in each plat. The trees finally used for this study were 
located by taking one of the trees at the center of the block and the 
four trees at the corners.- It was thought that by securing the records 
of these trees and then by multiplying the figures obtained by the 
factor 20 a fairly accurate line could be obtained on the production 
of the plat on an acre basis. Where 10 trees were used in securing 
the records two trees were taken in the center of the block and two on 
each corner. In these plats the acre figures were secured by multi- 
plying the total production of the 10 trees by the factor 10. 

After the performance-record trees were located they were care- 
fully studied from the standpoint of strain characteristics, as it was 
desirable that only typical trees of the best strain of the Lisbon and 
Eureka varieties should be used for this study. 


TasLe I1.—Description of the plats selected for the study of the effectiveness of orchard 
heaters for frost protection. 


Num- | Num- : 3 
Plat. Variety. Treatment. | ber.of pero i Picking period. poner ative 
trees. | PICK Prats. 
ings. 
INOsdes- eae Lisbon....| Not heated--... 5 8 | Feb. 14 to Dec. 12, 1913........ 4 
INOs 2c eeeeeee SERCO eee Q) { 5 6 | Feb. 15 to Nov. 17, 1913....--- 
INS Aes Ssase Eureka... 10 Ot asems GO esis oes eee esas 2,5,and 7 
INO S4e 284-2 Lisbon. -...| Heated..-..... | 8 | Mar. 3 to Dec. 12, 1913.--...... 
INOS 522 ce oe Eureka.... (2) 10 8 | Mar. 4 to Dec. 12, 1913-........ 3 and 7 
No. 6..2...-: Lisbon... Heated........ 10], 19, (eae to Dee none a 
INO suisse se ene HUreka sess |easee (6 (oa reaeartern 10 8 ete ie Dee. Te a es ee ate 3 and 5 
A ar. 10 to Dec. 18, 1913...-.... 
Nar ibe asaiees Lisbon....| Not heated... 10 1 yeaa anee 20 nian \ 6 
INO =:9: ee eae 200-2222 | peeatedasseeeee 10 8 | Mar. 12 to Dec. 12, 1913........ 10 
NolHLOs Seen Evdowdece Not heated...- 10 3 | Mar. 14 to Dec. 1, 1913........-. 9 


1 Plats 2 and 3 were partially protected by heaters in neighboring orchards. 
2 Inadequately heated; one heater for every four trees. 

The position of the plat was adjusted so that the trees finally used 
were, with one exception, of the same strain in all the comparative 
plats. The number of the plat, the variety of lemons, a statement 
of whether the orchards were heated or nonheated, the number of 
trees in each plat, the number of pickings made from the trees, the 
periods during which the pickings were made, and the number of 
plats used for comparison are shown in Table II. A study of this 
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table shows that plats 1, 2, 8, and 10 were located in nonheated 
Lisbon orchards, while plats 4, 6, and 9 were in heated orchards. 
Plat 3 was located in a nonheated Eureka orchard, and plats 5 and 7 
in heated Eureka orchards. Plats 2 and 3, which are listed as non- 
heated, were partially protected by heaters in neighboring orchards. 
Plat 5, which is listed as a heated plat, was inadequately supplied 
with orchard heaters, as there was only one heater for every four trees. 
This plat was included for the purpose of comparing inadequate 
orchard heating with no heating and with adequate heating. 


METHOD OF SECURING RECORDS. 


The fruit from each individual tree at each picking was assorted 
into four grades, namely, Green, Tree-Ripe, Frozen, and Cull. The 
Green grade included all fruits which had either a dark-green or light- 
green color, and which, from outward appearances, were apparently 
sound. These fruits were expected after curing to constitute a first 
grade of valuable commercial lemons. The Tree-Ripe grade included 
the apparently sound fruits which had a yellow color. These fruits 
were usually considered to be of some commercial value. It was not 
necessary to cure them before shipping to the markets. The Frozen 
gerade included all fruits which were seriously injured by the low 
temperature, as shown by their soft or partially dried-up condition. 
When there was any question or doubt as to whether the fruit was 
frozen or not it was cut open, so as to make an accurate determination 
before classifying. The Cull fruits were those which for some reason 
aside from frost injuries were unfit for the market. A frequent cause 
of Culls was decay of various kinds induced by mechanical injury to 
the fruits. Many of these injuries were brought about by punctures 
or bruises during the violent winds that accompanied the cold 
weather in January, 1913. 

After the assortment of the fruits from each tree the number and 
weight of the lemons of each grade were determined and recorded in 
special field-note forms, as shown in Table III. 

As lemons are usually picked to a certain uniform size with the aid 
of metal picking rings, no attempt was made to size the fruits, as 
would have been necessary with oranges or grapefruit. If desired, 
an idea of the relative size of the lemons can be secured by comparing 
the number with the weights of the fruits. 

Inasmuch as the frozen lemons began to dry out soon after the 
freeze, thus altering their normal weights, the data regarding the 
comparative sizes of the fruits secured in this way are likely to be 
somewhat unreliable. For this reason, also, in studying the effect of 
the freeze upon the production of the trees in the different plats, it 
seems desirable that most of the conclusions should be based upon the 
number instead of the weights of the fruits. 

140207°—20—Bull. 821-2 
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Tasie III.—Field record form used in making individual-tree records in the orchard. 


[This blank provides space for recording data from four trees at one picking. The fruits were sorted into 
the following grades: Green, Tree-Ripe, Frozen, and Cull, and the number and weight of the fruits in 
each grade are recorded. The record thus made in the orchard was afterwards transferred to a yearly 
series form, as Shown in Table IV.] 


Grove, Corona Lemon Co. Date, Mar. 6, 1913. Plat, i. Variety, Lisbon. 


Green grade. 10a be iipe Frozen grade. Cull grade. Total. 
grade. 
Tree. © |-—- |] A, J — |] —__ 
Weight. | NU™"| weignt. | 4] weight. |NU™) weignt.| NU™| weignt. fun: 
Lbs 0z Lbs. 02. Lbs. 02 Lbs. 0z Lbs. 0z 
1-26-17........- 197 1 684 60 6 291 11 14 64 00 0 269 5 1,039 
1=26-9) cee 41 14 144 110 6 211 19 0 0 0 46 3 169 
1-26-8525 See ee 130° 12 455 33 9 158 9 9 50 00 0 173 14 663 
W=32-8 55.2 ese 644 219 3.4 15 8 14 47 0 0 0 76 6 281 


1 Each tree in the investigational plat was given an individual-tree number which included the block 
number, row number, and location of the tree in the row; thus tree 1-26-17 means that that particular tree 
is in block 1, row 26, and the 17th tree from the end of the row, always numbering from some fixed point. 

The data secured for each tree at each monthly picking were trans- 
ferred to a yearly series record form, asshownin Table IV. The num- 
ber and weights of the Green, Tree-Ripe, and Frozen fruits for all the 
record trees in each plat were added at each picking and multiplied 
by 10 or 20, as determined by the number of record trees, to secure 
an approximate record of the plat on an acre basis. a 


Taste IV.— Yearly series record form, showing the method of recording data for each — 
tree for an entire year. 


[The monthly records as shown in Table III are here transferred to the yearly form.] 


Location, Corona, Calif. Variety, Lisbon. Grower, Corona Lemon Co. Date, 1913. No. of tree, 
1-26-17. 3 


Classification. Mar. 6. | Apr. 2. | May 14./June 27.) Aug.13./Sept.15.| Oct. 27.| Dec. 8. | Total. 
Weight of fruits: Lbs. 0z.| Lbs. 02z.| Lbs. 0z.| Lbs. 0z.| Lbs. 0z.| Lbs. 0z.| Lbs. 0z.| Lbs. oz.) Lbs. 02. 
Greeniprad Gaeeeeeeeeeeee 197 1 5 6] 1115 |: 16 18 2 11 0 11 2A S39 lo | 277 3 
Tree-Ripe grade......-.. 60 6 111 1 8 33 3 2 0 5 3} 1 10 73 0 
Prozen grade. ..-2------- 11 14 0 5 0 3 0 0 0 0 0 0 0 7 0 0 12 13 
Culligradeseesees ene eeee 0 0 0 8 0 8 0 4 0 6 00 0.9 0 4 27 
TPotal’s..eseseeeee tere 269 5 7 14 14 2}; 20 4 63 1 0 414} 41 13 365 7 
Number of fruits: 
Green grade..... ane 684 21 45 65 10 3 11 150 989 
Tree-Ripe grade 291 9 5 16 17 2 8 7 350 
Frozen grade. . Ee 64 6 1 0 0 0 3 0 74 
Culligradetereesssseeecrel ae 0 4 2 2 3 0 4 2 17 
Dotals..0/5: vc soe aekeeee 1,039 40 53 83 30 5 26 159 1, 435 


PRESENTATION OF DATA. 


In the succeeding tables only the computed figures for the different 
plats, as shown on an acre basis, are given. It is thought that the 
presentation of the average number of sound and frozen fruits for each 
month in the year in all the plats, as expressed in acre terms, will give 
the reader a comprehensive idea of the behavior of the different or- 
chards under observation. As will be noted in Tablo II, the first 


. 
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pickings were not all made on the same day. This condition was due 
to the fact that each plat was of necessity picked in turn, and the care- 
ful examination of every fruit for possible frost injury required con- 
siderable time. The number of pickings for the plats is not the same 
in all cases, for the reason that in some of the nonheated plats the 
great proportion of the fruit on the trees at the time of the freeze 
was removed at the first picking in 1913, while in some of the heated 
plats as many as eight pickings were made during the year. 

Table V shows the estimated production by grades for an acre of 
Lisbon lemon trees (plat 1) during February, April, May, June, Au- 
gust, September, October, and December, 1913. These figures are 
calculated from the actual individual-tree performance records of five 
selected trees in the plat. This orchard was nonheated during the 
winter of 1912-13 and was selected for comparison with plat 4, which 
is in a Lisbon lemon orchard that was heated during that period. 


TaBLe V.—Total estimated production by grades from plat 1, an acre of Lisbon lemon 
trees, for each picking during the calendar year 1918. 


[The data in this plat were computed from the individual-tree records of five Lisbon lemon trees. ‘This 
plat was not heated during the winter of 1912-13 and was selected for comparison with plat 4 in an 
orchard esas lemon trees which was heated during that period. The datafrom plat 4 are presented 
in Table VIII.) 


Date of picking. 


Classification. S| otal 
Feb. 14.| Apr. 7. | May 14.\June 24./Aug. 11./Sept. 12! Oct. 26.|Dec. 12.| £7 year- 
Number of fruits: 
Green grade.......... 0| 13,300] 2,500} 2,160 540 300} 1,100} 9,280} 29,180 
Tree-Ripe grade-.....- 0 5, 900 320} 1,100 640} 1,080 600 40 9, 680 
Total merchantable 
PNUibe eesti s icone 0} 19,200} 2,820} 3,260} 1,180} 1,380} 1,700] 9,320] 38,860 
Cull grade........-.-- o| 1,600 320 740 + += 460 += 220 += 800| += 420) +~—«4, 560 
Frozen grade........-. 183,140} 83,360} 5,580} 1,100 60 340 0 0} 278,580 
Gite i) Soe ee eee eee 183,140) 104,160} 8,720) 5,100) 1,700) 1,940) 2,500} 9,740} 317,000 
Weight of fruits: Lbs. 0z.| Lbs. oz.| Lbs. 0z.| Lbs. 0z.| Lbs. oz.| Lbs. oz.| Lbs. oz.| Lbs. 0z.! Lbs. 02. 
Green grade........-- 0 0} 3,506 4) 660 O] 488 12) 125 0; 60 O} 282 8/2,511 4) 7,633 12 
Tree-Ripe grade. ..-.- . © OO} 1,268 12) 7312) 207 8) 11L 4; 145 0} 87 8 10 Oj 1,903 12 
Total merchantable 
PTUs Hees Sas ee 0) 4,775 0} 733 12} 696 4) 236 4) 205 0) 370 0/2,521 4) 9,537 8 
@ullleradeaeo.. 2 --- 9: 0 O}| 275 O} 60 O} 91 4 51 4 28 12} 80 0} 65 0} G51 4 
Frozen grade...-.-.-..- 17,952 8|10,633 12) 733 12} 101 4 12 8 46 4 00 0 0/29,480 0 
Motalen cy ees 17,952 8/15, 683 12/1,527 8] 888 12} 300 0| 280 0] 450 0/2,586 4/39, 668 12 


A study of the figures shown in Table V shows that at the first 
picking, on February 14, immediately following the freeze, all of 
the fruits were frozen. In April the estimated number of sound 
fruits was 19,200, as compared with 83,360 frozen fruits. In May 
there were 2,820 sound lemons and 5,580 frozen ones. In June there 
were 3,260 merchantable fruits, while the frozen fruits had dropped 
to 1,100. In succeeding pickings the relative proportion of sound 
fruits to frozen ones is more marked, with a gradual increase in the 
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good fruits, until the December picking, when a total of 9,320 mer- 
chantable lemons is recorded, as compared with no frozen ones. 
Table VI shows the estimated production by grades for an acre 
of Lisbon lemon trees (plat 2) during the calendar year 1913. These 
figures are calculated from the actual individual-tree performance 
records of five selected trees in the plat. This orchard was not 
heated during the winter of 1912-13, but was partially protected by 
heaters in neighboring orchards. It was selected for comparison 
with plat 3 in an orchard of Kureka lemon trees which was not heated 
during that period. 
TasLE VI.—Total estimated production by grades from plat 2, an acre of Lisbon lemon 
- trees, for each picking during the calendar year 1913. 
[The data in this plat were computed from the individual-tree records of five Lisbon lemon trees. This 
plat was not heated during the winter of 1912-13 and was selected for comparison with plat 3 in an 


orchard of Eureka lemon trees which was not heated during that period. Plat 2 was partially pro- 
tected by heaters in neighboring orchards. The data from plat 3 are presented in Table VIL.] 


Date of picking. 
Classification. — : Total for 


: year. 
Feb. 15. | Apr. 4. | May 27. | June 24. | Aug. 20.| Nov. 17. 
Number of fruits: = 
Greenveradeneesare esieeae Slee 700 33,160 | . 15,700 6, 880 10, 480 3, 480 86, 400 
Trec-Ripe grade........-..- 120 3,340 4,400 2,560} — 6,080 1, 860 18, 360 
Total merchantablefruit.| 16,820} , 36,500 20, 100 9, 440 16, 560 5,340 104, 760 
Cull’gtadeseepeeee a= igs as 0 780 1, 660 1,300 680 2, 220 6, 640 
Erozenierade sass sae 54, 220 72, 640 7, 360 1, 260 2, 180 2,360 | 140,020 
Totalseeneceeesaneesssen 71, 040 109, 920 29, 120 12,000 19, 420 9, 920 251, 420 
Weight of fruits: Lbs. oz.| Lbs. oz.| Lbs. oz.| Lbs. oz.| Lbs. oz.) DLbs. oz.| Lbs. oz. 
Green grade. ..-.-<--.---=<« 4,235 0} 8,621 4] 4,081 41] 1,742 8| 2,251 4 961 4 | 21,892 8 
Tree-Ripe grade..-.----..- 28 12 648 12 873 12 512 8 | 1,038 12 328 12 | 3,431 4 
Total merchantable fruit.| 4,263 12} 9,270 0} 4,955 0 | 2,255 0 | 3,290 0} 1,290 0 | 25,323 12 
Culligrad (heehee eee eereee 0 0 108 12 240 0] 143 12 93 12 333 12 920 0 
Brozen sradeasse-eeeaereee 5,551 4] 10,413 12 | 1,172 8 196 4 307 8 337 8 | 17,978 12 


Total. 33.52 eee eee 9,815 0| 19,792 8 | 6,367 8| 2,595 0| 3,691 4] 1,961 4| 44,299 8 


A study of the figures in Table VI shows that a large percentage 
of the fruit in the February and April pickings was frozen. The 
small number of merchantable fruits recorded at the different pickings 
throughout the year in this plat is due to the fact that the trees were 
somewhat protected. This plat, like plat 1, had about returned to 
normal production at the close of the year. 

In Tables VII to XIV, inclusive, the estimated production is 
shown by grades for plats 3 to 10, inclusive, as described in Table II. 
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TasLE VII.—Total estimated production by grades from plat 8, an acre of Eureka lemon 
trees, for each picking during the calendar year 1913. 


[The data in this plat were computed from the individual-tree records of ten Eureka lemon trees. This 
plat was not heated during the winter of 1912-13 and was selected for comparison with plat 2 in an 
orchard of Lisbon lemon trees which was not heated during that period and with plats 5 and 7 in 
orchards of Eureka lemon trees which were heated during that same period. Plat 3 was pee pro- 
tected by heaters in neighboring orchards. The data from plat 2 are presented in Table VI, from plat 
5 in Table IX, and from plat 7 in Table XI.]} 


Date of picking. 


Classification. SS a ty 
Feb. 15. } Apr. 5. | May 27. | June 24. | Aug. 20. | Nov. 17. 

Number of fruits: 
Greeniorade.:.: -.--.s....-- 10,330 6, 630 1, 620 390 1,330 4,750 25,050 
Tree-Ripe grade.:......-.-.- 400 3,070 890 150 520 2,160 7,190 
Total merchantable fruit. - 10, 730 9, 700 2,510 540 1,850 6,910 32, 240 
Cullleradesto.2ds-cede 23% 0 260 540 30 200 2,590 3, 620 
Frozen grade......-.------- 99, 510 29, 580 2,190 630 1, 550 2,620 136, 380 
Gtr Ae Es Re ene 110, 240 39, 840 5, 240 1, 200 3, 600 12,120 172, 240 
Weight of fruits: Lbs. oz.| Bibs. oz.| Lbs. oz.| Lbs. oz.| Lbs. oz.| Lbs. oz.| Ibs. oz. 
Green ierade. :..-25--5----6+ 2,519 6] 1,769 6 431 14 105 4 301 4 | 1,331 14 | 6,460 0 
Tree-Ripe grade............ 91 4 682 8 200 10 29 6 85 10 376 4] 1,465 10 
Total merchantable fruit. .} 2,610 10 | 2,451 14 632 8 135 10 386 14 | 1,708 2] 7,925 10 
@ullierade =. $5.2225-22<256 00] 4114 115 0 510] 22 8 293 12 478 12 
rozen grade.....--.------- 6,156 14 | 4,565 10 318 2 76 4 196 4 290 0} 11,603 2 
Mota res 352 ses esas )s.at 8,767 8 | 7,059 6 | 1,065 10 217 8 605 10 | 2,291 14 | 20,007 8 


Tasie VIIT.—Total estimated production by grades from plat 4, an acre of Lisbon lemon 
trees, for each picking during the calendar year 1913. 


[The data in this plat were computed from the individual-tree records of five Lisbon lemon trees. This 

pat was heated during the winter of 1912-13 and was selected for comparison with plat 1 in an orchard of 

isbon lemon trees, which was not heated during that period. The data from plat 1 are presented in 
Table V.] 


Date of picking. Total 
ota 


Classification. SS Sy ET for 
Mar. 3. | Apr. 1. |May 19.|June 23.|Aug. 11.)Sept.12./Oct. 26./Dec. 12.) YC: 


Number of fruits: 


Green grade.......-.-- 52,620} 9,420} 17,980/ 8,300/ 2,740/ 1,080] 1,520! 11,360} 105,020 
Tree-Ripe grade....... 39, 840| 3,020] 4,840) 3,160] 4,420) 2,340 700} 80} 58, 400 
Total merchantable | Pas 
SAUOU cee Ue 92,460 12,440} 22,820} 11,460] 7,160 3,420} 2,220} 11,440! 163,420 
Cuilllsrade.<2 22 2. -. 0} 1,260} 2,600 320 580] 160 580) 0 5, 500 
Frozen grade........-. 28, 960 1,980 1,320 280 40 40 0) 0) 32,620 
Riper eee 121,420] 15,680] 26,740] 12,060] 7, 780| 3,620 2,800) 11,440] 201, 540 
Weight of fruits: Lbs. oz.|Lbs. 0z.|Lbs. 0z.|Lbs. 0z.|Lbs. 02.|Lbs. 02.|Lbs. 0z.|Lbs. oz.| Lbs. oz. 
Green grade..........- 13,1382 8/2,277 8|2,543 12)2,148 12) 681 4) 227 8) 400 03,051 424,462 8 
Tree-Ripe grade--....-. 7,848 12) 542 8 982 8 666 4) 863 12) 373 12) 102 8| 20 0)11,400 0 


| 


Total merchantable | 
601 4) 502 83,071 435,862 8 


perigee ee 2 20,981 4)2,820 0/3,526 4/2,815 0/1,545 0 
| ee | 
Rullprade.s.-20: 6. 5. 0 0| 143 12} 361-4 47 8| 70 0| 1812] 50 0| 0 O| 691 4 
Frozen grade........-. 2-045 .0\) 217.8) 22312| 5312) 6 41) 6 4 @ 0) 0-0] 4.552 8 
Mobaleave chiens jose os: eau 4/3,181 4|4,111 4|2,916 4|1,621 4/ 626 4] 552 83,071 441,106 4 
| 


| 
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TasLe 1X.—Total estimated production by grades from plat 5, an acre of Eureka lemon 
trees, for each picking during the calendar year 1918. 


[The data in this plat were computed from the individual-tree records of ten Eureka trees. This plat was 
inadequately heated during the winter 0f 1912-13 and wasselected for comparison with plat 3 in an orchard 
of Eureka lemon trees which was not heated and with plat 7in an orchard of Eureka lemon trees which 
was adequately heated during that same period. The data from plat 7 are presented in Table XI and 
from plat 3 in Table VII.]} 


Date of picking. 
Total 
Classification. for 


Mar. 4. | Apr. 2.|May 20.|June 27.|Aug. 12.|/Sept.13.|Oct. 26./Dec. 12.| Y°t- 


Number of fruits: 


Green grade.........-- 18,420) 2,430} 3,580) 2,170 770 310 520} 3,180} 31,380 
Tree-Ripe grade. ...-.- 31, 420 4, 250 2,560 2, 810) 1, 260 710 2,300 110 45, 420 
Total merchantable = 
fruits eee 49,840} 6,680) 6,140} 4,980) 2,030) 1,020} 2,820} 3,290} 76,800 
Cullgrade.........---- 0} 1,070} 2,580 310 520 140] 2,360 160 7, 140 
Frozen grade......-.-- 19, 610 1, 610 470 60 0 60 0 0 21, 810 
Totaleeaens | Jee we 69,450} 9,360} 9,19 5,350} 2,550) 1,220) .5,180) 3,450) 105,750 
Weight of fruits: Lbs. o2.\Lbs. 0z.|Lbs. 02z.|Lbs. 0z.|Lbs. oz.|Zbs. o0z.|Lbs. oz.|Lbs. oz.| Lbs. oz. 
Green grade.........-- 4,856 4] 570 10} 89812) 496 14, 185 0} 6510) 119 6] 828 12) 8,021 4 
Tree-Ripe grade....... 6,059 6) 744 6) 496 14) 526 14) 233 12) 109 6) 318 2] 25 O| 8,513 12 
Total merchantable 
Orb poesia cere Be 10,915 10)1,315 0)1,395 10)1,023 12) 418 12) 175 0} 487 8] 853 12)16,535 0 
Cullgrade............- 0 O| 11812) 322 8| 35 o| 6510| 15 o| 151 4| 1312] 721 14 
Frozen grade.......... 2,565 10) 187 8 74 6 6 14 00 6 14 0 0 0 0] 2,841 4 
Totaleeneessee see 13,481 4/1,621 4/1,792 98]1,065 10} 484 6} 196 14) 588 12; 867 8|20,098 2 


D 


Taste X.—Total estimated production by grades from plat 6, an acre of Lisbon lemon 
trees, for each picking during the calendar year 1913. 


{The data in this plat were computed from the individual-tree records often Lisbonlemontrees. This plat 
was heated during the winter of 1912-13 and was selected for comparison with plat 8 in an orchard of 
Lisbon lemon trees which was not heated during that period. The data from plat 8 are presented in 
Table XII.] 


Date of picking. 


Classification. for 
Mar. 6. | Apr. 2.|May 14.|June 27.| Aug. 13.'Sept.15.| Oct. 27.| Dec. 8.] YeaT- 


Number of fruits: 


Green grade........... 30,030} 3,810} 2,070) 5,390; 3,920) 1,240) 2,430) 7,900) 56,790 
Tree-Ripe grade....... 10, 270 390 200 740 540 950) 2,320) 2,610) 18,020 
Total merchantable ‘ 

WABI cosccocnos050e 40,300} 4,200) 2,270) 6,130) 4,460; 2,190} 4,750) 10,510) 64,810 
Cullgrade............. 0 430 220 200 550) 510) 700 610} - 3,220 
Frozen grade.......... 4,900 860) 140 0 0 580} = 2, 380) 240 9,100 

LOGAN Sais alse erate 45,200} 5,490} 2,630| 6,330) 5,010) 3,280) 7,830) 11,360) 87,130 
Weight of fruits: Lbs. 02z.|Lbs. 0z.|Lbs. 0z.|Lbs. 0z.|Lbs. 0z.|Lbs. oz.|Lbs. oz.|Lbs. oz.) Lbs. oz. 
Green grade........... 8,516 41,024 6) 581 41,475 0) 986 4) 288 2) 591 14)2,111 14)15,575 0 
Tree-Ripe grade...._.. 2,155 10} 8010) 51 4] 151 14) 105 10) 150 0} 392 8 478 12) 3,566 4 
Total merchantable 

frit Se ee: 10,671 14/1,105 0} 632 8/1,626 14/1,091 14) 488 2) 984 6/2,590 10:19,141 4 
Culligrades=aaeeeeeeeee 0 of 6614, 31 4) 24 6 98614, 6o o| 86 °4| 74 6 430 0 
Frozen grade.........- 831 4) 98 2) 26 4 0 0 0 0} 6010) 283 2) 33 12) 1,333 2 

Totals Seco Sas cece 11,503 2/1,270 0} 690 0/1,651 4/1,178 12) 558 12 1,353 12|2,698 12/20,904 6 
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TasiE XI.—Total estimated production by grades from plat 7, an acre of Eureka lemon 
trees, for each picking during the calendar yer 1913. 


|The data in this plat were computed from the individual-tree records of ten Eureka lemon trees. This 
plat was heated during the winter of 1912-13 and was selected for comparison with plat 5 in an orchard 
of Eureka lemon trees which was inadequately heated during the winter of 1912-13 and with plat 3 in 
an orchard of Eureka lemon trees which was not heated during that same period. ‘The datafrom plat 5 
are presented in Table 1X and from plat 3 in Table VII.] 


Date of picking. Total 


Classification. eS ee efor 


Mar. 7. | Apr. 3. |May 21.|June 24.|Aug. 11.|Sept.12.| Oct. 26.|Dec. 12.) YT 


Number of fruits: 


Green grade.........-- 42,480} 3,970} 3,780} 3,490/ 2,110/ 1,260; 2,150) 3,020) 62,260 
Tree-Ripe grade. ....-. 48,540) 3,800] 2,250/ 3,270) 3,650) 2,620/ 4,870) 1,320] 70,320 
Total merchantable 
Las Se 91,020} 7,770) 6,030) 6,760} 5,760} 3,880) 7,020) 4,340) 132,580 
Cull grade..... paces. 0} 1,080} 2,580 430 650 300| 4,480 600} 10,120 
Frozen grade......--..-. 6, 020 0 10 0 0 20 0 0 6, 050 
Tarts Mae ie = eters sini 97,040} 8,850} 8,620] 7,190| 6,410} 4,200) 11,500] 4,940] 148,750 
—_—_———|- Sec ennaEEEEEEaiEEEaE 
Weight of fruits: Lbs. oz.\Lbs. oz.|Lbs. oz.|Lbs. oz.|Lbs. 0z.|Lbs. 0z.| Lbs. oz.|Lbs. oz.| Lbs. oz. 
Green grade.........-.- 11,528 12; 995 0) 990 0} 919 6) 500 0} 263 2) 515 10) 820 10)16,532 8 
Tree-Ripe grade....-... 10,170 0} 702 8 451 4) 677 8 620 0} 382 8 746 4) 335 10/14,085 10 
Total merchantable 
ANU ce Settle ac 21,698 12/1,697 81,441 4/1,596 14/1,120 0) 645 10/1, 261 14/1,156 4/30,618 2 
Cull grade............. 0 oO} 140 10} 372 8 57 8 82 8 3510) 369 6| 96 4/ 1,154 6 
Frozen grade..-.....-.. 841 4 00 1 4 0 0 0 0 4 0 0 0 0| 8&5 0 
ovale secs. c ids 5 Ses 25 22,540 0/1,838 2)1,815 0)1,654 6/1,202 8| 683 12/1,631 4/1,252 832,617 8 


TaBLE XII.—Total estimated production, by grades, from plat 8, an acre of Lisbon lemon 
trees, for each picking during the calendar year 1913. 


(The data in this plat were computed from the individual-tree records of ten Lisbon lemon trees. This 
plat was not heated during the winter of 1912-13 and was selected for comparison with plat 6 in an 
wee CS lemon trees which was heated during that period. The data from plat 6 are presented 
in Table X. 


Date of picking. 


Classification. eee 
Mar. 10. | Nov. 10. | Dec. 18. 

Number of fruits: 
OGG EIAG.. once ce oe pee bb abE cop BoUE boo dob Secadsescer 2, 130 5, 780 16, 450 24,360 
PREGGO OIeE EU Gmmamamiel sia .a(e\~1e1sioinl= lo oleioie l= aiateimysie elcieielelsieier= 1,570 30 70 1,670 
Totalanerchantabloiruit7.-422sceosc-ceeceseecens- =e 3, 700 5,810 | 16, 520 26, 030 
Willlarad Gresereceae acces cn rae = Sosa eee cesocene see 0 120 170 290 
INOVGn ChE CRs cosa ceEnebaoce cbr cradosare > cocueauCcods 116, 670 0 0 116, 670 
HGUEL. sstodhcioene sodesse seo coabeecoosuS sbocooReEdece 120, 370 5, 930 16, 690 142, 990 
Weight of fruits: Lbs. 0z.| Lbs. 0z.| Lbs. oz. Lbs. 02. 
POCMs OTA Osea a cies Qa eisa cee canis asides eevee aes 477 81|1,5388 2] 4,417 8 6,483 2 
Mroe-RipOwerade =. jcrsjec aes see ee secs cess eee csenes ares 306 4 510] 1614 328 12 
MotalumerchantaploniuUite = sc tee onc see wemslele == == 783 12 | 1,543 12 | 4,434 6 6, 761 14 
Culllnadta ect eee ee Bee a ee ea eee 0 0 13 12 23 12 | 37 8 
Frozen grade...-----.----------------- 22222222222 2-2 13,685 10 0 0 00 13, 685 10 
TOTS Cs Gad Se Reece de ee eee ae eee 14,469 6|1,557 8| 4,458 2] 20,485 0 
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TaBLE XIII.—Total estimated production, by grades, from plat 9, an acre of Lisbon 
lemon trees, for each picking during the calendar year 1918. 


[The data in this plat were computed from the individual-tree records of ten Lisbon lemon trees. This 
plat was heated during the winter of 1912-13 and was selected for comparison with plat 10in an orchard 
of Lisbon lemon trees which was not heated during that period. The data from plat 10 are presented 
in Table XIV.] 


Date of picking. 
Classification. a a po 
Mar. 12. | Apr. 3. |May 13./June 25.|/Aug. 12./Sept.13.|Oct. 25./Dec. 12. 
Number of fruits: 
Green grade. _........- 64, 440 | 10,270 | 23,080 | 19,580 | 4,900 | 2,950 . 220 | 3,320} 128,760 
Tree-Ripe grade._...... 80,100 | 2,310 | 2,030 | 21,920 | 6,400 | 3,620} 1,050 200 | 117, 630 
Total merchantable E . 
frulte esas ees 144, 540 | 12,580 | 25,110 | 41,500 | 11,300 |} 6,570 | 1,270 | 3,520 | 246,390 
Cull grade.......- Sotiod 0 890 | 2,630] 1,870 640 660 | 2,310 70 9,070 
Frozen grade......--.- 8, 380 60 10 40 0 0 0 0 8, 490 
Total; aes 152, 920 | 13,530 | 27,750 | 43,410 | 11,940 | 7,230] 3,580} 3,590 | 253,950 
Weight of fruits: Lbs. 02. |\Lbs. 02z.|Lbs. 02.|Lbs. 02.|Lbs. oz.|Lbs. 0z.|Lbs. 02z.| Lbs. 0z.| Lbs. oz. 
Green grade...........]16,752 8 |2,513 25, 744 6 /4,935 0 |1,170 0] 621 41! 57 8 | 868 12 |32,662 8 
Tree-Ripe grade....... 15,28010 | 440 0] 449 6 /4,303 12 |1,246 14 | 575 10 | 157 8 | 50 10 | 22,504 6 
Total merchantable : 
fruit.....- Jsoecoasas 32,033 2 |2,953 2 16,193 12 |9,238 12 /2,416 14 |1,196 14 | 215 0 | 919 6 | 55,166 14 
Cullgrade............. 0 0} 12010) 412 8] 222 8} 93 2} 84 6| 120 0/ 10 O} 1,063 2 
Frozen grade......-..- 924 6 812 2 8 5 10 00 00 0 0 0 0 941 4 
Tovalees ere sae eee 32,957 8 |3,082 8 16,608 12 |9,466 14 |2,510 0/1,281 4] 3385 O | 929 6 157,171 4 


TABLE XIV.—Total estimated production, by grades, from plat 10, an acre of Lisbon © 
production, by grades, Pp ; 
lemon trees, for each picking during the calendar year 1918. 
[The data in this plat were computed from the individual-tree records of ten Lisbon lemon trees. ‘This 
plat was not heated during the winter of 1912-13 and was selected for comparison with plat 9 in an 


orchard of Lisbon lemon trees which was heated during that period. The data from plat 9 are presented 
in Table XIII.) 


Date of picking. 
Classification. ee ee ee eee ETO LAL for 


year. 
Mar. 12. May 13. | June 26. | Dec. 1. 

Number of fruits: 
Greemprad ney aes ace neice ete eneaer 3, 470 160 450 3, 090 7,170 
Tree-Ripe grade F 4, 460 10 1,510 170 6, 150 
Total merchantable fruit..................- 7, 930 170 1, 960 3, 260 13,320 
Cull’srades==- ee 0 90 120 80 290 
Frozen grade 155, 230 0 40 0 155, 270 
TO tall fe ah 5 eee ne Oe ee 163, 160 260 | 2, 120 3,340 168, 880 
Weight of fruits: Lbs. 0z.| Lbs.oz.| Lbs. oz.| Lbs. 02. Lbs. 02. 
Greenigrade. toss. esc bemomeseee ice st cinee 810 10 35 0 107 8 865 0 1,818 2 
Tree-Ripeerade: .52 sees eee ence ae 782 8 114 251 14: PLS 1,063 12 
Total merchantable fruit.................. 1,593 2 36 14 359 6 892 8 2, 881 14 
eS eee _ eS ee eee 
Cullleradext sus. aoa e ee ee eee ee 00 13 12 11 14 96 35 0 
Mrozenerade ss. 2222). hese eee eee ene 14, 475 10 00 4 6 00 14,480 0 
POGUES eis Hester cin Bie caer cette oslo ae nee ce 16,068 12 50 10 375 10 901 14 17,396 14 


In studying the figures presented in the accompanying tables it will 
be seen that in all the nonheated plats large numbers of frozen 
fruits were taken from the trees during the first six months following 
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the freeze. In some of the nonheated plats, very few merchantable 
fruits were taken from the trees during the same period. On the 
other hand, in the heated plats the greater proportion of the fruit, 
even during the period immediately following the freeze, was mer- 
chantable, with a relatively small number of frozen lemons. 

Tn order to iulustrate these comparisons graphically, 
some diagrams are presented. Figure 6 gives the pro- 
portion of frozen and merchantable fruits produced on 
plat 1, an acre of nonheated Lisbon lemon trees, and 
plat 4, an acre of heated Lisbon lemon trees, for each 
$9000 picking during the calendar year 1913. This diagram 
is based upon the data presented for these plats in 
Tables V and VIII. 

As pointed out in a previous discussion of the data 
presented in this bulletin, the only accurate way to 
ee compare the behavior of the fruits in the heated and 
nonheated plats is in terms of numbers of fruits rather 
than weights. The frozen lemons dried out so rapidly 
that no safe comparison could be made by using the - 
number of pounds or even the number of boxes of fruits 
produced on an acre. For this reason, in this and all 
succeeding diagrams, the differences are shown graphi- 
cally in numbers of fruits. 

In the February picking in nonheated plat 1, the 
estimated number of frozen fruits taken from the trees 
was 183,410, as compared with 28,960 frozen fruits in 
heated plat 4. No merchantable fruits were taken from 
the nonheated or- 
chard at that pick- 
ing, while 92,460 
merchantable lem- 


BAS 2528 aeAs bas A288 aga2 A242 222 Ons were picked in 


Fic. 6.—Diagram showing the number of frozen and merchantable fruits the heated orchard 
produced on plat 1, a nonheated acre of Lisbon lemon trees, and plat during the same pe- 
; g -p 
4, an acre of heated Lisbon lemon trees. The figures here shown are 4 : 
taken from Tables V and VIII, respectively, which give the esti- riod. While many 
mated production by grades for each month’s picking for these of the froz en fruits 
plats during the calendar year 1913. 
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: which were taken 
from the trees at that time normally would not have been picked until 
much later in the season, in order to obtain any records of these fruits 
it was necessary to pick all which showed signs of having been frozen. 
All fruits about which there was any question were left until later 
pickings. This condition applied to all the plats. 

In the April picking the estimated number of frozen lemons removed 
from the nonheated plat was 83,360, as compared with 1,980 from 
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the heated plat. In the nonheated plat 19,200 merchantable fruits 
were taken from the trees, as compared with 12,440 merchantable 
fruits in the heated orchard. 

In the May picking relatively few frozen fruits were taken from 
either plat, but only 2,820 merchantable lemons were found in the 
nonheated orchard, as compared with 22,820 in the heated one. 

With the exception of the April picking, in which the first mer- 
chantable fruits were taken from the frozen plat, the heated plat 
produced a greater percentage of merchantable lemons 
during each picking throughout the calendar year until 
the last picking in December. At this time the trees 
in the frozen orchard had about returned to normal 
production. 

A study of the tables aud diagrams presented for the 
other plats shows that practically all the nonheated 
orchards had returned to normal production by the end 
of the calendar year. 

A similar comparison is shown in figure 7, which por- 
trays graphically the proportion of frozen and mer- 
chantable lemons produced on plat 9, an acre of heated 
Lisbon lemon trees, in comparison with plat 10, an acre 
of nonheated Lisbon lemon trees. Practically all the 
frozen fruits in the nonheated orchard were removed 
from the trees at the 
first picking in March. 
The heated orchard 
had 8,380 frozen fruits 
during that month, as 
compared with 144,540 


3S AaAS AGAS 
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| Fig. 7.—Diagram showing the number of frozen and merchant- 
able fruits produced on plat 9, a heated acre of Lisbon lemon 
trees, and plat 10, a nonheated acre of Lisbon lemon trees. The 
figures here shown are taken from Tables XIII and XIV, 
respectively, which give the estimated production by grades for 
each month’s picking for these plats during the calendar year 1913. 


merchantable lemons. 
During the succeeding 
months the heated 
orchard bore a consid- 
erablenumber of sound 
fruits, while no mer- 


. chantable lemons were 
taken from the frozen plat until the December picking, when the 
trees had about returned to normal production. 

Figure 8 shows the number of frozen and merchantable lemons 
produced on an acre of nonheated Eureka lemon trees (plat 3), 
as compared with an acre of partially heated (plat 5) and an acre of 
heated trees (plat 7). 

As in figures 6 and 7, the greater proportion of the fruit in the non- 
heated orchard is found in the frozen column, with a smaller number 
in the partially heated orchard, and very few frozen fruits in the 
heated orchard. This diagram shows very clearly the beneficial 
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effect of even a small number of heaters in an orchard, but also 
presents strikingly the value of efficient heating in orchards, as the 
Bats number of merchantable fruits produced during the 
eg year 1913 in the adequately heated orchard is much 
ast greater than that produced in the partially heated one. 

Table XV shows the percentages of fruits by 
grades for each picking during the calendar year 
1913 in the nonheated plat 1, an acre of Lisbon lemon 
trees, as compared with the heated plat 4. The 
percentages of frozen and merchantable fruits in 
these plats are shown graphically in figure 9. A 
study of this diagram shows thatin the heated plat the 
percentage of merchantable lemons during February 
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Fic. 8.—Diagram showing the number of frozen and merchantable fruits produced on plat 3, 
a nonheated acre of Eureka lemon trees, plat 5, a partially heated acre of Eureka lemon t h € 
trees, and plat 7, an efficiently heated acreof Eureka lemon trees. The figures here shown p er- 
are taken from Tables VII, IX, and XI, respectively, which give’the estimated production 
by grades for each month’s picking for these plats during the calendar year 1913. cent- 


age of 
merchantable fruits was zero. At no time during the calendar year 
did the curve of merchantable fruits in the heated plat fall below 
the curve of the same class of fruits in the nonheated one. . Cor- 
respondingly, the curve of the frozen lemons shows a relatively 
higher percentage during all the pickings up to October in the non- 
heated orchard, as compared with a low percentage of this class of 
fruits in the heated one. 


TaBLeE XV.—Percentages of fruits by grades produced in the nonheated acre of Lisbon 
lemon trees, plat 1, as compared with the heated acre, plat 4, during the calendar year 
1913. 


[These percentages are computed from the total number of lemons produced by these plats as shown in 
Tables V and VIII.] 


Date of picking. 
Grade and condition. 
Feb. 14. } Apr. 7. | May 14. | June 24. | Aug.11. | Sept. 12. | Oct. 26. | Dec. 12. 
Green grade: 
Not heated....... 0 PAu 28. 67 42.35 31.76 15. 46 44.0 95. 28 
Heated.-......... 43. 35 60. 08 67. 24 68. 80 35. 22 29. 83 54. 28 99. 30 
Tree-Ripe grade: 
Not heated......: 0 5. 66 3. 67 21.57 BYE |b StH 24.0 - 41 
a5 (--) 1-16 32. 81 19. 26 18.10 26. 20 56. 81 64. 64 25.0 70 
Merchantable fruit: 
Not heated...... 0 18. 43 32. 34 63. 92 69. 41 71.13 68.0 95. 69 
Heated). 3.2.52 76. 16. 79. 34 85. 34 95.0 92. 03 94. 47 79. 28 100 
Cull grade 
Not heated....... 0 1.54 3. 67 14. 57 27. 06 11. 34 32.0 4.31 
eat ode ase. snes 0 8.03 9.72 2. 65 7.45 4,42 20. 72 
Frozen grade: 
Not heated......| 100 80. 04 63. 99 21.57 3. 56 17. 53 0 0 
Heated.......... 23. 84 12. 63 4,94 2.35 52 1.11 0 0 
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Table XVI gives the percentages of fruits by grades for each picking 
eee during the calendar 
heated plat 6, an acre 
of Lisbon lemon trees, 
as compared with the 
nonheated plat 8. 
The percentages of 
frozen and merchant- 
able fruits in these 
plats areshown graph- 
ically in figure 10. 
Table XVII gives 
the percentages of 


SROZEM, PROS fruits by grades for 
GR ee each picking during 
thecalendar year 1913 


in nonheated plat 3, 
an acre of Eureka 
lemon trees, aS com- 
pared with plat 5, 
inadequately heated, 
and plat 7, efficient- 
ly heated. The per- 
centages of frozen and 


Fig. 9.—Diagram prepared from the figures presented in Table XV, merchantable fruits 
showing the percentages of merchantable and frozen fruits produced in these plats are 
on the nonheated acre of Lisbon lemon trees, plat 1, as compared : 
with the heated acre, plat 4, during the calendar year 1913. shown in figure het 


Taste XVI.—Percentages of fruits by grades produced in the heated acre of Lisbon lemon 
trees, plat 6, as compared with the nonheated acre, plat 8, during the calendar year 1913. 


[These percentages are computed from the total number of lemons produced by these plats as shown in 
Tables X and XII.] 


Date of picking. 


Grade and condition. Sip ane bal CaP Ree ee 
Mar.6. | Apr. 2. | May 14. | June 27. | Aug. 13. | Sept. 15.| Oct. 27. | Dec. 8. 


Green grade: 
Not heated....... ibWy (1) (1) () (1) Q) 97.47 98. 56 
Heated) 52a 66. 44 69. 40 78.71 85.15 78. 24 37. 80 31.03 69. 54 
Tree-Ripe grade: 
Not heated....... 1.30 @) Q@) @) (4) Q@) 5 fi 41 
Heated se a tacee 22. 72 7.10 7. 60 11. 69 10. 78 28. 96 29.73 22. 97 
Merchantable fruit: F 
Not heated.-..... 3. 07 @) Q) (1) (1) (@) 97. 98 98. 97 
Heated sncecesece 89.16 76. 50 86.31 96. 84 89. 02 66. 76 60. 76 92. 51 
Cull grade: 
Not heated....... 0 (4) (4) (4) (1) (1) 2.02 1.02 
eeatederesen en ece 0 7.83 8.36 3.16 10. 98 - 15. 55 8. 94 5. 37 
Frozen grade: 
Not heated....... 96. 93 (1) (1) (1) @) @) 0 0 
Heated: 2222 5.-2 10. 84 15. 66 5. 32 0 0 17. 68 30. 40 2.11 


1 Practically allthe fruits in the nonheated plat were frozen and were removed from the treeson March 6. 
No fruits were picked from this plat until October. 
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TasLe XVII.—Percentages of fruits by grades spreduced in the nonheated acre of Eureka 
lemon trees, plat 3, as compared with the inadequately heated plat 5, and the efficiently 
heated plat 7, during the calendar year 1913. 


[These percentages are computed from the total number of lemons produced by these plats, as shown in 
Tables VII, 1X, and XI.] 


Date of picking. 


Grade and condition. 
Mar. 4. | Apr. 2. | May 20. | June 24.| Aug.12. | Sept.13. | Oct. 26. | Dec. 12. 
Green grade: 
Not heated....... 9.37 16. 64 30. 92 32. 50 36. 94 Q) 39.19 Q) 
Partially heated. . 26. 52 25. 96 38. 96 40. 56 30. 20 25.41 10. 03 92.17 
Beated's 22-..-.. 43.78 44.86 43.85 48. 54 32. 92 30.0 18. 69 61.13 
Tree-Ripe grade: . 
Not heated....... - 36 7.71 16. 98 12. 50 14. 44 (1) 17.82 () 
Partially heated. - 45. 24 45. 40 27. 86 52. 52 49. 41 58.20 44.44 3.19 
15 Vet /cy0 50. 02 42. 94 26.10 45.48 56. 94 | 62. 38 42,35 26.73 
Merchantable fruit: 
Not heated....... 9.73 24. 35 47. 90 45.0 51.38 | (1) 57.01 Q) 
Partially heated. - 71.76 71.36 66. 82 93. 08 79. 61 83. 61 54.47 95. 36 
Heatéd=.-..2.<% =. 93. 80 87. 80 69. 95 94. 02 89. 86 92. 38 61.04 87. 36 
Cull grade: 
Not heated-....:.. 0 -65 10. 31 2. 50 5. 56 (1) 21.37 Q) 
Partially heated. . 0 11. 43 28.07 | - 5.79 20.39 11. 47 45. 56 4. 64 
IECCTCG RS eee oe 0 12. 20 29. 93 5. 98 10.14 7.14 38.96 12.14 
Frozen grade: 
Not heated....... 90. 27 75.0 41.79 52. 50 43.05 @) 21. 62 () 
Partially heated. - 28. 24 17. 20 5.11 1.12 0 4.92 0 0 
Heated... 2.'.-:-, 6. 20 0 12 0 


0 | .48 0 0 


} ! 


1 No pickings were made from the nonheated plat 3 in September or December. 


A study of figure 11 7 acts 
shows that with one . 
exception the curves 
of merchantable fruit 
in both the inade- 
quately heated and 
the efficiently heated 
plats are considerably 
higher than the curve 
of the same class of 
fruit in the nonheated 
orchard. The diagram 
also presents strikingly 
the differences in per- 
centages of merchant- 
able fruits in the par- 
tially heated and effi- 
ciently heated or- 
chards. With the 
exception of the pick- 
ing in December, the 
percentages of mer- 
chantable fruit in the 
partially heated or- 
chard are found to be Fie. 10.—Diagram prepared from the figures presented in Table XVI, 
somewhat lower than showing the percentages of merchantableand frozen fruits produced 


the same class of fruit the heated acre of Lisbon lemon trees, plat 6, as compared with 
: : the nonheated acre, plat 8, during the calendar year 1913. 
in the well-heated one. eocecs : 


AERO CLV 
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TABLE XVIII.—Percentages of fruits by grades produced in the nonheated acre of Lisbon 


lemon trees, plat 10, as compared with the heated plat 9, 


during the calendar year 1913. 


[These percentages are computed from the total number of lemons produced by these plats, as shown in 


Tables XIII and XIV.} 


Date of picking. 
Grade and condition. 
Mar. 12. | Apr.3. | May 13. | June 25. ; Aug. 12. | Sept.13.| Oct. 25. | Dec. 12. 

Green grade: 

Not heated.....-- 2.13 (1) 61.54 21.23 Q) (4) (1) 92. 51 

IeaAtedess ase e 42.14 75. 91 83.17 45.11 41.04 40. 80 6.15 92. 48 
Tree-Ripe grade: ; 

Not heated..--.-. 2.73 (1) 3. 85 71. 23 a (4) 1 5. 09 

ieatedtasst.-- 252 52. 38 17.07 7.32 50. 50 53. 61 50. 07 29. 33 5. 57 

. Merchantable fruit: 

Not heated...-... 4, 86 ) 65. 39 92. 46 @ 1 (4) 97. 60 

Heatedsese2 6-522 f 94.52 92.98 90.49 95.61 94.65 90.87 35.48 98.05 
Cull grade: 

Not heated.-...... 0 (4) 34. 61 5. 66 (4) (@) (1) 2. 40 

Heatedseessc ie: 0 6. 58 9. 48 4.31 5. 36 9.13 64. 53 1.95 
Frozen grade: 

Not heated....... 95.14 (2) 0 1.89 Q) Q) (4) 0 

Heated: 22205252 5. 48 . 44 - 04 . 09 0 0 0 0 


1 The bulk of the fruits in the nonheated plat were frozen and were removed at the March picking. No 
fruits were taken from the trees during April, August, and September. 
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Fic. 11.—Diagram prepared from the figures presented in Table 
XVII, showing the percentages of merchantable and frozen 
fruits produced on the nonheated acre of Eureka lemon trees, 
plat 3,as compared with the inadequately heated acre, plat 5,and 
the efficiently heated acre, plat 7, during the calendar year 1913. 


Table XVIII gives 
the percentages of 
fruits by grades for 
each picking during the 
calendar year 1913 in 
the nonheated plat 10, 
an acre of Lisbon lemon 
trees, as compared with 
plat 9, an acre of heated 
trees. The percentages 
of frozen and mer- 
chantable fruits in 
these plats are shown 
in figure 12. 


LESSONS TAUGHT BY 
THE INVESTIGATIONS 
IN 1913. 


The data presented in 
this bulletin show that 
in the lemon orchards 
under investigation in 
the Corona district of 
California which were 
protected with a suf- 
ficient number of heat- 
ers during the freeze of 
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1913, a large percentage of merchantable fruits was saved and har- 
vested during the various pickings throughout the year. The studies 
also show that in orchards which were not heated the number of 
merchantable fruits was relatively small; that a small proportion of 
the lemons picked during the first six months was frozen or unmer- 
chantable, and that the trees did not return to normal production for 
abouta year. From the data herewith presented it would appear 
that in sections where low temperatures are liable to be experienced 
lemon growers should 
see that their groves 
are equipped with 
some efficient means ool 
of orchard heating. 

Table XTX presents so 
a statement of the 
initial investment for 
heating equipment per 
acre and the cost of 
maintenance and 
operation for the sea- 
son of 1912-13. On 
the particular ranch 
where these figures ~ 
apply 186 acres were 
heated.. Some of the so 
heated plats consid- 
ered in this bulletin 
were located on this 
ranch. 

As the price re- ~ 
ceived by the grower 


for merchantablelem- 2 


ons follo Fig. 12.—Diagram prepared from the figures presented in Table 
i yee freeze XVIII, showing the percentages of merchantable and frozen 
1s generally consider- fruits produced on the nonheated acre of Lisbon lemon trees, 
ably higher than that plat 10, as compared with the heated acre, plat 9. during the 


calendar year 1913. 

received in normal 

years, unless he is able to save his crop by orchard heating he is not 
in a position to reap the benefit of the higher prices which would be 
obtained during the season of scarcity of sound fruit, and in addition 
he faces the possibility of losing the greater percentage of his crop. 
If seasons of low temperature were experienced only at intervals of 
10 or 15 years it is possible that growers in especially protected 
localities might consider that the losing of one year’s crop 
would not be offset by the initial investment for heating equipment 
and cost of maintenance, which in 1913 was placed in the Corona 
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district at $190.04 per acre. The initial expense of the heating 
equipment and the cost of maintenance would be much greater at 
the present time (1920) than in 1913. However, the minimum 
temperatures experienced in California lemon sections during the 
last few years show that there is an ever-present danger of frost injury 
to lemon orchards unless they are safeguarded by an efficient system 
of heating. From the data presented in this bulletin and from 
cooperative information secured from lemon growers in different 
sections, it would appear that the installation of an orchard-heating 
equipment would be justified not in the saving of one season’s crop 
but because of the frequency with which seasons of low tempera- 
tures occur. 

Taste XIX.—/Jnitial investment for heating equipment and expense per acre for the 


season of 1912-18 onaranch of 186 acres at Corona, Calif., on which some of the inves- 
tigational heated plats were located. : 


Per acre. 
Ttemization. 
By items.| Total. 
Tnitial investment: 
Heaters. 2.22322 si2l nc tees eente east Oe sees ae eee oe eee eee eee $50. 17 
Oil tankic: oe sab ea inice Seis aac soe noe OE Ee Sen ee eee eee eaee 7.07 
Pipe for oil distribution system.......- 17. 49 $83. 12 
Miscellaneous equipment and supplies....-.....-...-.--------------------------- 7.50 
Labor, installing tank, pipeline; etC 2 oss. co -heec ene ee eee eee 3. 89 
Cost of maintenance and operation for the season of 1912-13: 
6iper cent interest onanvestment:-. => 2 sss see eon Se eee ee Eee Eee ee 5.17 
25 "per cent depreciation on heaters: - 2s. 00 ce seseee eee eee eee eee 12.54 
6jper.cent; depreciation! onjotherequipmente-- --- 2 a5- ease ee eee eee eee eee 2.16 103. 92 
Handling, painting, and filling heaters (estimated) ............--.--------------- 5.00 EN 
Oil consumed =.=. ss265 cho. eae seen sass Sacbeae ae ee ace eee eee ee 57. 96 
Labor in lighting and refilling heaters..--.....-..-..-.-------------------------- 21. 09 
Grand ‘total Gficharged to any one year)i2e 2-2 eeesseee eco nee ee eee eee See eee 190. 04 


TaBLE XX.—Total estimated production by grades from plat 6, an acre of Lisbon lemon 
trees, for each picking during the calendar year 1914. 

[The data in this plat were computed from the individual-tree records of ten Lisboniemon trees. This 

plat was heated during the winter of 1913 and was selected for comparison with plat 8in an orchard of 


Lisbon lemon trees which was not heated during that period. The data from plat 8 for the calendar 
year 1914 are shown in Table XXI.} 


Date of picking. 


Classification. 
Jan. 3. | Feb. 14. | Mar. 23. | May 4. June 8. | July 15. 


Number of fruits: 


Greengrada. 04. Vpn nn 5 30,260 | 52,120] 32,580] 22,380 8, 640 5, 930 
Tree-Ripe grade... ..-.2-..0Me lsc s 2.2 730 7,210} 2210] 5,090] 27360 1, 790 
Total merchantable fruit. ........... 30, 990 59, 330 34, 790 27,470 11, 000 7,720 
Cullgradecel: & 2.5) wean oe nie 320 1,270| 1,660 1, 290 340 960 
Totalies een kee ee 31,310 | 60,600| 36,450] 28,760] 11,340 8, 680 
Weight of fruits: Lbs. oz. | Lbs. oz. | Lbs. oz. | Lbs. oz. | Lbs. oz. | Lbs. oz. 
Green prade.s, 52002 ce 7,782 8 14,098 2] 8,999 6] 5,993 12] 2,220 0} 1,440 0 
Tree-Ripe prada ss cee ee eens eee 174 6] 1,841 14 5386 14] 1,206 4 545 0 379 6 
Total merchantable fruit.......-.... 7,956 14 {15,940 0| 9,536 4| 7,200 0] 2,765 0} 1,819 6 
Cull grade. sso ee eee eee "548 12)| ~ 200 °4) 267 Neil iwansroy ake tets | ess ae 
Total: 7.. 5.83 Nee eee 8,005 10 |16,141 4 | 9,803 12 | 7,405 10 | 2,827 8| 1,978 2 


—_— 
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TasiE XX.—Total estimated production by grades from plat 6, an acre of Lisbon lemon 


trees, for each picking during the calendar year 1914—Continued. 
Date of picking. 
Classification. - ESS es ed 
Aug. 18. | Sept. 22.} Oct. 26. | Nov. #3. | Dec. 23. 
Number of fruits: 

Sop) ur COL a 1,540] 1,020] 7,660/ 6,480] 10,180] 178,790 
Tree-Ripe grade......... Rete te TLE AY 840 1, 600 350 490 1) 480 24° 150 
Total merchantable fruit. -.-........ 2, 380 2, 620 8,010 6,970 11, 660 202, 940 
OL Je LS eR an ae 1,610| 450 200 130} 2401 8,470 
To Lie te Sgt eR 3,990} 3,070| 8,210] 7,100] 11,900| 211,410 
Weight offruits: Lbs. oz. | Lbs. oz. | Lbs. oz. | Lbs. oz. | Lbs. oz. | Lbs. oz. 
MOCEUME RU Ca eit lett for nh notte Se a ae as 25 348 2 244 6] 1,991 4] 1,770 10 | 2,823 12 | 47,711 14 
Tree-Ripe grade.............-.-------- 154 6 295 10 65 10 96 14 378 2| 5,674 6 
Total merchantable fruit. ........... 502 8] 540 0| 2,056 14] 1,867 8 | 3,201 14 | 53,386 4 
Coll 2: £026 ae eae Deis | 628)" 38-21 200] 3510) 1,352 8 
PG rleeeter see ce ee so aA ead terete 759 6 602 8 | 2,090 0] 1,887 8 | 3,237 8 | 54,738 12 


THE BEHAVIOR OF HEATED AND NONHEATED PLATS IN 1914. 


Although practically all the nonheated plats had returned to nor- 
mal production by January, 1914, in order to collect data on the 
behavior of trees in the year following the freeze it was decided to 
continue the individual-tree records in plat 6, a heated acre of Lisbon 
lemon trees, and in plat 8, which had not been protected in 1913. 
The production by grades in these plats during the calendar year 
1914 is shown in Tables XX and XXI. 


Taste XXI.—Total estimated production by grades from plat 8, .an acre of Lisbon 
lemon trees, for each picking during the calendar year 1914. 


[The data in this plat were computed from the individual-tree records of ten Lisbonlemon trees. This plat 
was not heated during the winter of 1913 and was selected for comparison with plat 6in an orchard of 
Lisbon lemon trees which was heated during that period. The datafrom plat 6 for the calendar year 1914 
are shown in Table XX.] : 


Date of picking. 
‘ Total 
Classification. SSS SSS SSS SS] te 
Jan. 31. | Mar. 14.| Apr. 21| June 3. | July 9. | Aug.31.] Oct.31./Dec.30.| Ye: 
Number .of fruits: 
Greon grade.......... 45,310 | 40,750 | 25,140] 7,230] 7,340} 9,400] 3,040] 13,470] 151,680 
Tree-Ripe grado. ....- 1,490] 2,540 | 11,950] 1,090 510 920| 2,170] 4,380} 25/050 
Total merchantable 
Lire i hp he  e 46,800 | 48,290 | 37,090 | 8,320] 7,850} 10,320} 5,210 | 17,850] 176,730 
Collierade: 2.32.52... 150 1,350 | 1,210 400 510| 760 300 270 4,950 
TRAE oe eee eee 46,950 | 44,640 | 38,300| 8,720] 8,360] 11,080] 5,510| 18,120] 181,680 
Weight of fruits: Lbs. oz. | Lbs. oz. |Lbs. oz.| Lbs. oz. ‘Lbs. oz.| Lbs. oz.| Lbs. 0z.| Lbs. 0z.| Lbs. oz. 
reen grade.......... 12,140 10/11, 160 0)6,525 0/1,983 2/1,836 4/2,292 8| 803 12/3,601 14/40,343 2 
Tree-Ripe grade. ..... 358 12} 640 10/2,324 6] 233 2) 97 8 191 4/ 502 81,143 12) 5,491 14 
Total merchantable 
[di BT eek eee 12,499 6]11,800 10/8,849 62,216 4/1, 933 12/2, 483 12/1,306 4|4,745 10/45,835 0 
C@ulligrades si 2. 32.. 29 6 178 12} 197 8 60 0 71 14; 139 6 53 12 58 12| 789 6 
Motalses.c telee oe 12, 528 12|11,979 6/9,046 14]2,276 4/2, 005 10|2,623 2/1,360 0|4,804 6|46,624 6 
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In figure 13 a graphic presentation of the yields of Lisbon lemon 
trees in the heated plat 6 and the nonheated plat 8 for the two years 
1913 and 1914 is given. In 1913 the behavior of the nonheated plat 
was very similar to other nonheated plats in that the bulk of the fruits 
was frozen and was removed at the first picking. The plat did not 
return to normal production until December of that year. In January, 
1914, the estimated number of merchantable fruits picked from the 
nonheated plat was 46,800, as compared with 30,990 on the heated one. — 

In referring to Tables XX and XXT it will be seen that 11 pickings 
were made in plat 6 during the calendar year 1914, as compared with 
8 pickings in plat 8. This was due to the fact that the two orchards 
wages ° belonged to different companies, and a different system 

of picking was followed in each orchard. In order to make 
the data in figure 13 comparable, it was necessary to add 
the figures obtained in February and March in plat 6 and 
present them in 
comparison with 
the picking in 
plat 8 in March. 
The August and 
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Fic. 13.—Diagram showing the number of frozen and merchantable fruits produced on plat 6, a heated — 
acre of Lisbon lemon trees, and plat 8, a nonheated acre of Lisbon lemon trees, for the calendar years 
1913 and 1914. The figures here shown are taken from Tables X, XII, XX, and XXII, respectively, 
which give the estimated production by grades foreach month’s picking for these plats during these 
years. 

September pickings in plat 6 were totaled to make them comparable 

with the one picking made for the same period in plat 8. A similar 

addition was made of the September and October pickings in plat 6 

to make them comparable with the fruit obtained in plat 8 for the 

same period. In March the fruits obtained from the heated plat 
were considerably more than those obtained from the nonheated plat. 

In May, however, the nonheated plat led, and after that month the 

two plats alone tec throughout the year. 

From the data secured in these two plats it would appear that the 
nonheated trees had returned to normal production by the beginning 
of 1914 and that the heating during the cold period in January, 1913, 
had practically no effect on the second season’s crop. It must be 
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borne in mind, however, that the trees in this particular orchard were 
in a very vigorous and healthy condition at the time of the freeze, 
and with the exception of lack of heating had always received excel- 
lent care, which probably accounts for their'rapid return to normal 
production. If the orchard had not received as good care or had the 
trees been in a less healthy growing condition, it is possi- 
ble that they might not have returned to normal produc- 
tion so soon. 

In addition to the data covering these two plats, obser- 
vations made in the other nonheated and heated orchards 
in 1914 showed that there was very little relative differ- 
ence in the number of fruits produced the second year by 
the trees which were heated in 1913 as compared to the 
nonheated trees. 

From these investigations it appears that the main 
effect of protecting trees during one season of low 
temperatures is in the saving of the crop for the cur- 
rent year, and that as a rule where the trees are in 
vigorous condition and receive good cultural treat- 
ment they will return to normal production at the end 
of one year. 


COMPARISON OF THE EUREKA AND LISBON VARIETIES. 


The two important varieties of lemons grown in 
California are the Eureka and the Lisbon. In order 
to secure some definite infor- 
mation as to the behavior of 
comparative plats in nonheated 
orchards, two blocks of trees, 
plats 2 and 3, were located, re- 
spectively, in Lisbon and Eu- 
reka lemon orchards. Both 
orchards were operated by the 
same man, the two plats under 
observation were only a short 


Gm rae es 

CHANTAL 
4---£UAENA LEMON 
re EAIGON LO 


ai SLE 


TET EES 
emand 


WOK 


AFKUL WTA MONE AUG 


Fig. 14.—Diagram showing the number of frozen and 


merchantable fruits produced on plat 2, a nonheated 
acre of Lisbon lemon trees, and plat 3, a nonheated 
acre of Eureka lemon trees. The figures here shown 
are taken from Tables VI and VII, which give the 
estimated production by grades for each month’s 
Picking for these plats during the calendar year 1913. 


distance apart at practically the 
same altitude, and, as far as 
could be determined, the condi- 
tions were as nearly uniform in 


each orchard as it was possible 
to obtain. Both the orchards received some benefit from heaters in 
neighboring protected groves. A record of the production by grades 
during the calendar year 1913 for the nonheated Lisbon orchard is 
given in Table VI and for the nonheated Eureka orchard in Table 
VII. In figure 14 the number of frozen and merchantable fruits 
produced on each of these plats for the calendar year 1913 is given. 
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In February the estimated number of frozen fruits picked in the 
Lisbon plat was 54,220, as compared with 99,510 in the Eureka or- 
chard. On account of the open habit of growth of the Eureka tree a 
larger number of mature or nearly mature lemons were frozen in this 
variety than in the Lisbon. In the April picking, however, the esti- 
mated number of frozen fruits in the Lisbon plat was 72,640, as com- 
pared with 29,880 in the Eureka. The greater number of frozen | 
lemons at this picking in the Lisbon orchard, as compared with the 
preceding one, was probably caused by the fact that the dense char- 
acter of growth of the Lisbon trees in this particular orchard hid 
many of the fruits which should have been removed from the trees at 
the first picking. After the April picking there was very little dif- 
ference in the number of frozen fruits produced im each orchard. 
Both orchards returned to normal production about the last of the 
year. In the case of the merchantable fruits, however, the Lisbon 
plat at each picking bore a greater number of sound, merchantable . 
lemons than the Eureka. 

The percentages of fruits by the different grades in the ae and 
Eureka nonheated plats for the different pickings during the current 
year 1913 are shown in Table XXII. 


Taste XXII.—Fercentages of fruits by grades produced on the nonheated acre of Lisbon 
lemon trees, plat 2, as compared with the nonheated acre, plat 3, of Eureka rae trees, 
during the calendar year 1913. 


[These percentages are computed from the total number of lemons produced by these plats, as shown in 
Tables VI and VII.] 


Date of picking. 


Grade and variety. a as 
Feb. 15. | Apr. 5. | May 27. | June 24. | Aug. 20. | Nov. 17. 


Green grade: : 
HU reK as 2uic otinde deine eee eee ees 9.37 16. 64 30. 92 32. 50 36. 94 39.19 


Lisbon. 22226 -Seneeaeenee ecco oases 23.51 30.17 53. 91 57.33 53. 96 35. 09 
Tree-Ripe grade: : 

eee qeecicose Gave ceckpebaceeeerereece - 386 bet 16. 98 12. 50 14. 44 17. 82 

Lisbon’. 222.25 eeeeee eee Baye 3. 04 15.11 21.33 31.31 18.75 
Marcheritable fruit: 

Burekas. sos6.2 cee se ee eee eee 9.73 24.35 47.90 45.0 $1.38 57.01 

Lisbon 233.2 soca eee eee eee 23.68 33.21 69. 02 78. 66 85. 27 53. 84 
Cull grade 

Bureka. echo cok aor 0 -65 10.31 2.50 5.56 21.37 

isbon se 2). Se Sen he sage ee eae mee eres 0 eal 5.71 10. 83 3. 50 22.38 
Frozen grade: 

Ure. 22 a cjskies basic ch SCRE OEE 90. 27 75.0 41.79 52. 50 43.05 21.62 

LASDOMs:. cic ee docs eee eee 76.32 66. 08 25. 27 10. 50 11.23 23.79 


A graphic presentation of the percentages of frozen and merchanta- 
ble fruits in the Eureka and Lisbon nonheated plats is made in figure 15. 
The percentage of frozen lemons at each picking in the Eureka plat 
is somewhat higher than the percentage of frozen ones in the Lisbon 
plat until the last pickings in November, when the percentages are 
nearly uniform. Correspondingly, the percentage of merchantable 
fruits at each picking is somewhat higher in the Lisbon block than in 
the other. - 
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From the data secured in these plats and from observations made 
in other orchards it appears that the Lisbon variety, probably owing 
to its dense foliage and more compact habit of growth, was not quite 
so susceptible to frost injury as the Eureka. These observations 
apply entirely to groves which are not protected by orchard heaters. 
In well-protected orchards there were comparatively small numbers 
of frozen lemons of either the Eureka or Lisbon variety. It therefore 
appears that, although in un- 
protected orchards undersimilar 
conditions, a greater amount of 
injury is found in Eureka than 
in Lisbon orchards, the differ- 
ence is not sufficiently great to 
warrant any positive statements 
concerning the comparative 
hardiness of the two varieties. 


LEB. AAR =A MW ALE OV 


SUMMARY. 


Extremely low temperatures 
during December, 1912, and 
January, 1913, caused serious 
damage and loss to unprotected 
lemon orchards in many sections 
of southern California. 

Detailed records of the pro- 
portion of merchantable and 
frozen fruits produced in five 
heated and five nonheated acre 
plats of Eureka and Lisbon lem- 
ons during the calendar year 
1913 and in two comparative 
plats during the calendar year 
1914 inthe Corona, Calif., lemon Fic. 15.—Diagram prepared from the figures presented 
district are pres ented in this in Table XXII, showing the percentages of mer- 


; chantable and frozen fruits produced on the non- 
bulletin. . heated acre of Lisbon lemon trees, plat 2, as com- 


These data show that in or- fod wih tenombestlaceot Eureka lomon rs, 
chards which were protected 
with an adequate supply of heaters during the cold weather of 1912-13 
a large percentage of merchantable fruit was saved and harvested 
throughout the year. 

In orchards which were not heated a large proportion of the lemons 
picked during the first six months following the freeze were frozen or 
unmerchantable, and the trees did not return to normal production 
until a year had elapsed. 


30 BULLETIN 821, U. S. DEPARTMENT OF AGRICULTURE. 


Nonheated orchards which had received good care prior to the 
freeze of 1913 and also during that year had returned to normal 
production by the beginning of 1914, and the heating during the 
cold period in 1913 had practically no effect on the second season’s 
crop. 

In unprotected orchards, under comparative conditions, a yeni: 
amount of injury was found in the Eureka than in the Lisbon variety. 
The differences were not sufficiently great, however, to warrant the 
conclusion that there is any considerable difference in the hardiness 
of the two varieties. Such differences as appeared were entirely due 
to differences in the habit of growth of the two” varieties, the Lisbon 
having denser foliage. 
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RELATIVE IMPORTANCE OF THE PHAR. 


Compared with other fruits when the Thirteenth Census was com- 
piled, the pear occupied seventh place in value, being exceeded by the 
apple, the peach and nectarine (grouped together), the grape, the 
strawberry, the orange, and the plum and prune (grouped together). 
It occupied fourth place on the basis of acreage, only the apple, the 
peach (and nectarine) and the grape exceeding it. The relative 
importance in acreage and value of different fruits in 1909 is shown 
graphically in figure 1. 


ESTIMATED PRODUCTION OF PEARS. 


The estimated production of pears for the years 1909 to 1919, in- 
clusive, is shown in Table I. These estimates include the entire 
crop, no segregation of the commercial production from the total 
being made. 
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BLACKBERRIES & DEWBERRIES 

LEMONS 

APRICOTS 
POMELOS 

CRANBERRIES 


Fic. 1.—Diagram showing the relative importance, acreage, and crop values of the 
principel fruits of the United States for the year 1909, based on ihe report of the 
Thirteenth Census. (From the Yearbook ef the Department of Agriculture for 
1915.) 


TABLE I.—EHstimated production of pears in the United States for the 11-year 
period from 1909 to 1919, inclusiwwe. 
{Data in bushels, 000 omitted. The figures for 1909 are those of the Thirteenth Census. ‘The figures for 


other years are interpretations of percentage estimates by the Bureau of Crop Estimates, the census 
figures being used as the basis.]} 


Groups and States. igi | 1912 | 1913 | 1914 | 1916 | 1917 | 1918 |a1919. 


< —} $$$ $$ | jf 


North Atlantic States: 


Maine nero ones 42 38 | 32 
New Hampshire... . 24 19 24 
Vermont see eeeee 25 20 20 
Massachusetts...... 114 71 121 
Rhode Island....... 14 ii 16 
Connecticut. seco. 46 32 55 
New York. ...ccse. 886 | 1,128 | 2,016 
New Jersey.....:..- 970 749 598 
Pennsylvania.....-. 646 418 456 
Lotalin: ees esse 3, 767 | 2,486 | 3,338 | 3,01 
South Atlantic States: 
Delaware..:.......- 262 315 77 
Maryland....... a00- 455 616 224 
Varsinias - es 122 282 | 68 
West Virginia...... 49 76 i 
North Carolina_...-} 52 207 58 
South Carolina 52 117 42 
Geers ee : iil 212 118 
OTIdAs Ae 88 73 58 
Potalen. 25 see 1,191 | 1,898 656 | 1,692 
East North-Central 
States: | 
ONi0's = eee 375 360 736 624 | 400 
Inidiania 6 scene | 320] 292| 585] 448| 474 
TEN OIS re eee | 249 32 499 448 422 
Michigan ......2-..2 6664 456 829 540 707 
WHISCOUSIi=s seamen 13 2 18 13 22 
Motales s-0 sec pee 1,623 | 1,142 | 2,667 | 2,073 | 2,025 
West North-Central 
States: | | 
TOWAs eaten ce 44 1 57 60 102 | 
MASSOUPUe es seco eee. 143 67 148 332) 184 | 
Nebraska! so.22 2552. 7 4 10 15 
KANSAS weecccs ce snas 19 Salad 142 63 | 109 133 
AU es ee 213 170 285 549 | 362 490 551 
=! : era ee SS |_|s«s_ ——S= | 


a Subject to revision. 
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Tanutn I.—Hstimated production of pears in the United States, etc.—Continued. 


Groups and States. 1909 | 1910 | 1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 


South-Central States: 


entucky<......-..- 52 180 160 336 160 308 264 160 204 140 128 
Temnessee......-... 84 126 32 196 79 152 195 59 75 112 72 
Alabama. fives cct.. 100 138 48 172 90 132 168 90 80 152 114 
Las Sat ea Tee nasa 101 140 40 154 106 142 160 50 30 136 95 
Louisiana. . a ae 36 32 24 52 48 52 55 48 52 52 50 
Was hee lil 224 147 296 187 266 301 322 280 246 385 
Oklahoma.......... 7 28 33 54 23 28 68 il 45 3f 70 
PA AMIBASE. ccc nnn 38 46 47 113 55 98 135 68 102 64 93 

Mataleeee sso yt: 729) 914] 531] 1,373 | 748 | 1,178 | 1,346} 808| 868] 940] 1,012 

Far Western States: 

Montana...........: il 12 10 12 12 6 il 6 i 
Colorado. 2c. aes. 160 193 130 206 99 99 320 194 180 
New Mexico 43 52 46 60 64 36 46 56 67 
Arizona 16 20 17 20 22 18 21 19 22 
(WIG) 4 Aes ees 51 52 42 56 31 12 48 51 47 
Wevadan.. 3:3. .000.) 2 8 6 7 4 2 6 6 5 
UG) tC ee 65 81 71 66 75 50 70 60 70 
Washington. - 3 372 477 464 536 564 551 595 | 1,300 | 1,700 
Oregon......- ae 441 554 559 540 525 555 600- 672 553 
California........... 1,848 | 2,015 | 1,634 | 1,958 | 1,650 | 3,124 | 3,523 | 3,871 | 4,096 
PROUAE pec see said 3,009 | 3,464 | 2,979 | 3,461 | 3,046 | 4,453 | 5,240 | 6,235 | 6,751 

United States (grand 
Botaleee set os ccedares 11,450 |11, 843 |10, 108 |12,086 |11, 216 |11, 874 |13, 281 |12,993 |13, 628 


The annual variation in the pear crop for the years covered by 
Table I (1909 to 1917) is shown graphically in figure 2. 


PRODUCTION LN 1U/LL/ONS OF BOASVILLS 
%EAIRP LICKS SVE LS LEE DEB. GCE ES IEAM AE) UOMO EEL 


ESF OCO w= 
JO, FS/, OOO wma: 
41, FSO, COO WE 
44. BFS OOO EEE 


49 /0E, OOO 
42, OSE, OOO 


44, 2/E OOO wa . C 
4,874 OOO Se 


43, 221, OOO A A EN TS Co = 

WieG. 2.—Diagram showing the annual farm production of pears (in bushels) in 
the United States for the 9-year period from 1909 to 1917, inclusive. The esti- 
mated farm crop of pears in the United States for 1918 was 10,342,000 bushels; 
for 1919 (October estimates), 13,687,000 bushels. The estimates of the com- 
mercial (in distinction from the farm or agricultural) crop for the past two 
years are: 1918, 7,589,000 bushels; 1919 (November estimates), 8,422,000 
bushels. 


Figure 3 shows in a strikingly clear manner the average annual 
production of pears (in bushels, by States) for the 5-year period, 
1912 to 1916, inclusive. As will appear in considering the distribu- 
tion of the industry, occasional commercial orchards of more or less 
importance are found in a large proportion of the States, but those 
in which the industry is of more than local importance are few in 
number. The commercial industry is located very largely in those 
_ States which are shown in figure 3 to have an average annual yield 
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of 450,000 bushels or more, though im several other States, as, for 
example, Colorado, Utah, Delaware, Texas, and Illinois, there are 
places where the pear orchards are of more than local importance. 


OUTSTANDING FEATURES OF THE-PEAR INDUSTRY. 


The census figures for 1890, 1900, and 1910 show (in round num- 
bers) 5,100,000, 17,700,000, and 24,000,000 pear trees of all ages im the 
country, thus leanne a rather constant and considerable imerease 


mez RSG aaa from year to year. 
OALA. ||.37,000 BU. ui 
UTAH \39,000 BU. Of the trees Ee 
COMM. <2, 000 BU. eorded in. 1910, about 
L2A. 54,000 BLU 

NMEX. {\|52,000 GU 8,800,000 were re- 
<p ee ee od ported as. not of 
/DAHO \ |692,0008U. : . 

FLA. GO,000 BU. bearing age. No 
/OWUA \ |\8Z.000 GU. CoE : 
ae. | Se deepeoke similar segregation 
Af, | | 9%0008K of trees of bearing 
ass. {| 86000 BU : 

AAWS. 70, 000 BU. anc: nonbearing age 
PUGS. \,_ | 122,000 BY. Bb nyay: ee ; 
Ula Ie Wee cee eo, was made in the 
N.C. = 435,000 BU. census reports of 
TEIVN. 436,000 GU 

COLO. | |izas000 GU 1890 and 1900.. 

CA. | _|“x7%50028 BU 

Ze |. [ASH OOO BY FAIRLY CONSTANT TO- 
QEL. | |493000 BU. TAL PRODUCTION. 
AK -—_le<e0cee’ 

SFO. aaa == OCC LY. ( h J s y 
TEX. [7 A000 SY The est mates of 
IND. FY B24 000BU. production shown in 
ZOLA i Aan OCOA, LY; aga 

wD. | | #52; COO BU. Table I and im fig- 
eine nig aes See ure 2 ymdreate a 
Off \, | FOL000 BY. ae x ; 
was, |] 578,000 BU. fairly constant yield 
OPES: | Cd SFZOOO RY: : ; 
SUCH 72B;0080 BU. 1910. Whtle the 
Ae. é 

CAL. growing of pears 


ALL 077i STATES {_]|, 726,000 8U. for commercial pur- 


Fig, 3.—Diagram showing the estimated annual average poses has. been ex- 
farm production of pears in the principal pear-preducing ee 
States for the 5-year period from 1912 to. 1916, inclusive. bCB@ed mm recent 
The average yearly production foi the entire United States years 1m some locali- 


for this period was 11,425,000 bushels, ties and the industry 
has been newly established in a few regions, it is also true that many 
orchards planted for commercial purposes have been destroyed dur- 
ing the last two decades. The conclusion, therefore, is: that the in- 
creases in the number of trees shown by succeeding census reports 
are made up principally of trees that represent home interests rather 
than commercial activities. 

MENACE OF FIRE-BLIGHT. 


To those familiar with the situation, the outstanding feature in 
pear growing is the menace of fire-blight. This disease, doubtless 
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more than any other factor, restricts the planting of pears, and in 
the past: it has destroyed great numbers of trees and caused the 
abandonment of commercial enterprises in many places. 


OPPORTUNITY TO EXTEND INDUSTRY NOT GREAT. 


Another factor that needs to be considered critically by prospec- 
tive pear growers is the comparative ease with which the market de- 
mand can be supplied. Pears are used in quantity in only a few 
ways. They are consumed in the fresh state and are canned. In 
California they are also dried. Otherwise comparatively little use 
is made of them. The market demand for a fruit that is used in 
only a very small number of ways is satisfied with a much smaller 
supply than is the case with a fruit that is used in many different 
ways. Thus, there is not so large an opportunity in the extension of 
commercial pear growing as for some other fruits. 

PROMINENCE OF THE BARTLETT AND KIEFFER PEARS. 


Among pear varieties, the relative prominence of two sorts—the 
Bartlett and the Kieffer—is conspicuous. These two varieties are - 
to the pear industry of the country what the Elberta variety is to 
the peach industry, the Washington Navel to the California orange 
industry, and the Baldwin, Winesap, and Ben Davis varieties to the 
upple industry. Throughout the northern pear-growing districts, 
in the Intermountain States and on the Pacific coast, the Bartlett is by 
far the most widely and extensively planted variety. The Kieffer 
is also planted, both commercially and for home use, in many of 
these districts; while in middle latitudes and in the South the 
Kieffer very largely predominates, because of the comparative re- 
sistance of the tree to blight. Further information in regard to 
the distribution of varieties is given in the pages that follow. 

IMPORTANT COMMERCIAL DISTRICTS AND VARIETIES, 
BY STATES. 
NEW ENGLAND STATES. 
MAINE. 

Distribution.—No important centers of pear production occur in 
Maine; but occasional orchards of small size are located in several 
counties in the southern part of the State, including York, Oxford, 
Cumberland, Androscoggin, Sagadahoc, Kennebec, Lincoln, Knox, 
Waldo, and possibly in certain localities in the southern sections of 
the counties to the north of those named. 

Varieties —The varieties commonly planted include the Bartlett, 
Clapp Favorite, Sheldon, Anjou, Seckel, Bose, Lawrence, and pos- 
sibly a few others. 

NEW HAMPSHIRE. 

Distribution.—Pears in New Hampshire are negligible from a 
commercial standpoint, and but few are grown for home use. These 
occur mostly in the southern part of the State. 
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V avieties—Bartlett, Sheldon, Howell, Flemish (Flemish Beauty), 
and possibly others are grown. 
VERMONT. 


Distribution.—Pear growing in Vermont is unimportant commer- 
cially, but trees are rather widely distributed, especially in the Lake 
Champlain district and in Windham County in ihe southern part of 
the State. 

Varieties Bartlett, Clapp Favorite, Howell, Sheldon, Flemish 
(Flemish Beauty), Lawrence, and Winter Nelis are representative 
sorts in this State. 

MASSACHUSETTS. 

Distribution.—in an earlier day, eastern Massachusetts was famous 
for its amateur pear growers. The principal pear interests of the 
State are still located in that section. especially in the eastern part 
of Middlesex County in the vicinity of Belmont, Arlington, Concord, 
and other points not far from Boston. Worcester is also a center of 
some production. 

Varieties—The principal varieties include the Bartlett, Bosc, 
Clapp Favorite, Sheldon, Seckel, Danas Hovey, and Anjou. 


RHODE ISLAND. 


Distribution —Pears are grown for home and local use, through- 
out most of Rhode Island, but there are no centers of large produc- 
tion. é 

V arieties—Bartlett, Sheldon, and Seckel are the more common 
sorts. 

CONNECTICUT. 

Distribution.—There are no communities which are centers of 
pear production in Connecticut, and the aggregate of the commer- 


cial interests is small. There is one large orchard in the extreme 


southwestern part of the State and small interests in other towns 
in the same general region, while trees occur in most sections through- 
out the State. 

Varieties —Bartlett, Anjou, Seckel, and Kieffer are the mor: com- 


mon sorts. 
MIDDLE ATLANTIC STATES. 


NEW YORK. 

Distribution.—New York is second only to California in pear pro- 
duction. The commercial interests are located principally im three 
regions. The largest one is the Lake Ontario district, which include ; 
a large portion of Niagara, Orleans, Monroe, and Oswego Counties, 
and smaller parts of Cayuga and Onondaga Counties. Pears are 
also grown in the “ finger-lake” region in the central western part 
of the State and in the Hudson River valley. In the latter, the prin- 
cipal areas are in Columbia and Greene Counties, and smaller imter- 
ests are found northward in Albany and Rens<elaer Counties and 


ee 
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southward in Dutchess and Ulster Counties. Pears are also grown to 
some extent on Long Island and for home use in many parts of the 
“State. 

Varieties—As in many other States, the Bartlett is the most im- 
portant variety. Others commonly planted include Clapp Favorite, 
Bose, Howell, Angouleme, Anjou, Seckel, Lawrence, and Kieffer. In 
some orchards in the Hudson River valley, where the soil is sandy, the 
Bosc has not done well. The conviction prevails that it requires a 
fairly heavy soil in order to succeed. 


NEW JERSEY. 


Distribution —Commercial pear orchards occur in considerable 
numbers in certain sections of New Jersey, the principal interests 
centering about Moorestown, Beverly, and Riverton in Burlington 
County, Merchantville in Camden County, Glassboro in Gloucester 
County, and at various other points in these and other counties in 
the central part of the State. Most of the centers of production are 
within a comparatively short distance of Philadelphia, and a con- 
siderable proportion of the fruit is marketed there. In production 
New Jersey ranks third on a 5-year average (fig. 3). 

Varieties—In many orchards the Kieffer has been largely planted, 
but varieties of better dessert quality, including the Bartlett, Angou- 
leme (Duchess), Seckel, and Lawrence, are also grown commercially. 
The Sheldon, Vermont Beauty, and Anjou are grown to some extent 
for home use. 

: PENNSYLVANIA. 

Distribution.—There are no well-developed centers of pear pro- 
duction in Pennsylvania. Pears are grown to a limited extent about 
Philadelphia, Harrisburg, and some of the other cities of importance, 
and more or less widely for home use. 

V arieties—The widely grown varieties, such as the Bartlett, Seckel, 
Lawrence, and Kieffer, are most commonly planted. 


EAST NORTH-CENTRAL STATES. 


OHIO. 


Distribution.—The commercial pear interests in Ohio are small. 
Some orchards occur in the lake region in Lucas, Ottawa, Cuyahoga, 
and Lake Counties. Otherwise the pears grown are mostly for 
home and local use. The aggregate production, however, is con- 
siderable (fig. 3). . 

Varieties —The Bartlett and Kieffer are the principal sorts. 

INDIANA. 

Distribution.—Little attention is given to pear growing in In- 
diana. The industry is restricted practically to rather unimportant 
home plantings. 

_ Varieties—Such varieties as the Kieffer, Bartlett, Flemish 
(Flemish Beauty), Tyson, and Sheldon are represented. 
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ILLINOIS. 


Distribution.—Most of the pear orchards in Illinois are located 
in the southern third of the State, with the principal centers of pro- 
duction in Marion, Clay, and Union Counties. 

Varieties—The Kieffer is the most important. variety; a few 
Garber, Howell, Angouleme (Duchess), and possibly other sorts 
also are grown. 

MICHIGAN. 

Distribution —TVhe largest commercial pear interests in Michigan 
are in the southwestern part of the State, in Berrien, Van Buren, 
and Allegan Counties; but pears are grown in practically all the 
counties bordering on Lake Michigan and in Oakland and McComb 
Counties in the southeastern part of the State. They are grown in 
nearly all counties for home use. J; 

Varieties While the Bartlett leads in importance, a considerable 
number of varieties are grown in the commercial orchards in Michi- 
gan. Among them are the Clapp Favorite, Clairgeau, Howell, Bosc, 
Danas Hovey, Seckel, Angouleme, Anjou, Kieffer, and several 
others. The early ripening sorts include Summer Doyenne, Giffard, 
and Bloodgood. 

WISCONSIN. 

Practically no pears are grown in Wisconsin. 

: WEST NORTH-CENTRAL STATES. 
MINNESOTA, 
Practically no pears are grown in Minnesota. 
IOWA. 

Distribution —Pear growing is a negligible facter in the fruit in- 
dustry of Iowa. This is due largely to the destructiveness of blight, 
while in the northern part the severity of the winter conditions is 
also a decidedly limiting factor, few varieties being sufficiently hardy 
to withstand them. 

Varieties—In Extension Bulletin 27 (revised) of the lowa State 
College of Agriculture the La Motte (Bezi de la Motte), Warner, 
Seckel, Anjou, Kieffer, Longworth, and Flemish (Flemish Beauty) 
varieties are reported to have shown a considerable degree of hardi- 
ness and resistance to blight in some localities in Iowa. 


MISSOURI. 


Distribution.—There are no very important centers of pear pro- 
duction in Missouri, but small commercial interests are reported in 
several counties, including St. Louis, Montgomery, Buchanan, Jack- 
son, Greene, and Howell. 

Varieties—The Kieffer is the principal variety, but the Garber, 
Angouleme, Seckel, Anjou, and possibly others are grown. 


NORTH DAIXOTA. 


Practically no pears are grown in North Dakota. 
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SOUTH DAKOTA, 


Distribution—Practically no pears are grown in South Dakota. 
A few pear trees occur in Union, Clay, Yankton, and Bon Homme 
Counties, which border on the Missouri River in the southeastern 
part of the State; they are rarely found elsewhere. 

Varietics—In general, the measure of success with all varieties 
tried has been so small as to discourage the planting of pears in 
this State. 


NEBRASKA, 


Distribution.—A. few pear orchards are located in southeastern 
Nebraska in the counties bordering on the Missouri River as far 
north as the northern border of Washington County ; also in Johnson 
and Pawnee Counties in the second tier from the river in the 
extreme southeastern part of the State. Elsewhere in the State 
pear trees are seldom found. 

Varieties—No variety is preeminent, though the Kieffer prob- 
ably occurs more frequently than any other. Garber, Bartlett, and 
Seckel are also grown. 

KANSAS. 

Distribution.—Small plantings are widely distributed, especially 
throughout the eastern half of the State of Kansas. The com- 
mercial interests are small; but a few orchards are located in the 
four or five northeasternmost counties of the State north of the 
Kansas River and in Reno, Sedgwick, Sumner, and Cowley Counties 
in the Arkansas Valley. A few orchards also occur in the eastern 
part of the State, in the counties bordering the Kansas River on the 
south. 

Varieties—Several varieties are included in the plantings, such as 
the Kieffer, Garber, Clapp Favorite, Angouleme (Duchess), Seckel, 
and Douglas. The last-named variety originated in Kansas in Doug- 
Jas County.” 

SOUTH ATLANTIC STATES. 
DELAW ARK. 

Distribution —Pear growing is very generally distributed in Dela- 
ware, though considerably more than half the total production is 
accredited to Kent County. Important areas of production center 
about Bridgeville, Milford, Camden, Smyrna, and Middletown. 

Varieties—The Kieffer comprises the commercial crop. It is 
usually considered essential to plant a small proportion of other 
varieties to insure adequate cross-pollination of the blossoms. The 
Le Conte and Garber varieties are commonly used for this purpose. 


MARYLAND. 
Distribution—A good many orchards of commercial size occur in 
the Eastern Shore counties, Kent, Queen Annes, and Caroline prob- 


eee eee 


+See the Yearbook of the Department of Agriculture for 1912, p. 267. 
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ably leading. Isolated orchards of importance are also found in 
other localities, including Anne Arundel, Carroll, Washington, and 
other counties. 

Varieties —The bulk of the fruit consists of the Kieffer, but trees 
of the Le Conte, Garber, Bartlett, Seckel, Angouleme, Anjou, and a 
few other varieties are occasionally found. 

VIRGINIA. 

Distribution.—As in many other States, pear trees are widely dis- 
tributed, being found in nearly all parts of Virginia, but there are 
very few commercial orchards and no centralized pear industry. 
Some car-lot shipments are made from Frederick County. 

Varieties—The Kieffer predominates, but the Garber, Le Conte, 
Bartlett, Seckel, Sheldon, Lawrence, and some other sorts are some- 
times grown. 

WEST VIRGINIA. 

Distribution—Very few pears are grown in West Virginia and 
there are no centers of production. 

Varieties—The Kieffer is found more frequently than any other 


sort. 
NORTH CAROLINA. 


Distribution.—Tthe pear is negligible i in the fruit industry of North 
Carolina, though trees are grown more or less in many sections. 
Varieties. The Kieffer is the variety most frequently planted. 
The Le Conte and Garber varieties are also grown. 
‘SOUTH CAROLINA. 


Disiribution—The prevalence of blight has largely restricted the 
planting of pears, but they are grown in smali plantings in most 
parts of the State. ; 

V aricties—The sand-pear hybrid group, including the Meffer, Le 
Conte, and Garber, comprises. practically all the varieties that are 
planted. 

GEORGIA. 

Distribution—Pears are relatively unimportant in Georgia. 
Orchards and small plantings are located in many parts of the State, 
and are perhaps oi rather greater importance than elsewhere in the 
southwestern portion, in Grady, Thomas, Brooks, Dougherty, Worth, 
Crisp, and some other counties. Commercial shipments are made 
from points in some of these counties. 

Varieties——The Kieffer is the principal variety; some Le Conte, a 
few Garber, and several others of the sand-pear hybrid group also 
are grown. 

FLORIDA. 


Distribution.—In the northern and Panhandle regions of Florida 
there are some 10 or 12 counties in each of which the pear produc- 
tion, according to the Thirteenth Biennial Report (1918-14) of the 
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State Department of Agriculture, ranged from about 1,200 to more 
than 3,200 barrels. Pears are widely distributed in the State, but 
the interests are too small to be of any special importance. The 
prevalence of pear blight doubtless has greatly restricted production 
in this and other Southern States. 

Varieties —The Kieffer and Le Conte comprise most of the plant- 
ings. | 

EAST SOUTH-CENTRAL STATES. 


KENTUCKY. 


Distribution —A few pears are grown in Jefferson County and in 
some other counties along the Ohio River in Kentucky, while small 
plantings are distributed throughout the State. Even in the aggre- 
gate, however, the quantity of fruit grown is small. 

Varieties—The Kieffer and Garber represent practically the total 
production. 

TENNESSEE. 


Distribution—Pears are produced in but very small quantities in 
Tennessee, though trees are found in small numbers in most sections 
of the State. 

Varieties—The plantings are confined mostly to the Kieffer, Gar- 
ber, and Le Conte varieties. 


ALABAMA, 


Distribution—Pears are grown here and there throughout the 
State of Alabama, but not commercially. 

Varieties—The Wieffer is the principal variety. Other varieties 
of the sand-pear hybrid group, which includes the Le Conte, Garber, 
and several others, are occasionally planted, especially to provide 
pollen for fertilizing the Kieffer. 


s MISSISSIPPI. 


Distribution. Pears are planted more or less widely in the State 
of Mississippi, but there are no important centers of production. The 
prevalence of blight doubtless has greatly restricted the growing of 
this fruit. 

Varieties —The Kieffer and Le Conte are practically the only 
varieties found. 

WEST SOUTH-CENTRAL STATES. 


ARKANSAS. 


Distribution—Very few pears are grown in Arkansas. An occa- 
sional orchard has been planted in the peach and apple growing sec- 
tions, and a few fairly large orchards are located in the southern 
part of the State. 

Varieties—Largely the Kieffer, Le Conte, and Garber, and occa- 
sionally other varieties of the sand-pear hybrid group are planted. 
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LOUISIANA, 


Distribution.—Pears are grown in Louisiana for home use only. 
Vari , Le Conte, Garber, and Koonce are the varie- 
ties planted. 


OKLAHOMA. 


Distribution.—An occasional commercial orchard has been planted 
in the central and eastern portions of Oklahoma, but there are no 
centers where pear growing forms an important community interest. 

Varieties—The Kieffer is the principal variety grown commer- 
ciaily, but there are plantings which include the Garber, Bartlett, 
Angouleme (Duchess), and several other sorts of minor importance. 


TEXAS. 


Distribution.—While pears in considerable quantity are grown in 
Texas, the producing areas with few exceptions are rather indefinite 
and correspondingly difficult to define. Probably the most important 
district for commercial production, potentially at least, is the upper 
Rio Grande Valley, where, within a distance of 40 ae of El Paso, 
a great many pear trees hove been planted during recent years. Some 
ot the orchards have come into bearing. This district is irrigated 
from the reservoir-made by the Elephant Butte Dam. 

Another region in western Texas in which fruit interests, including 
pear growing on a small scale, are being developed, is located in the 
general region of Stockton, Pecos County, embracing adjacent parts 
of four counties, Pecos, Reeves, Jeff Davis, and Brewster. The 
topography is broken and mountainous, the altitudes of some of the 
peaks in Jeff Davis County ranging from 5,000 to more than 8,000 
feet, though the higher elevations are not melded within the fruit 
Saeco: area. 

In the Panhandle region, pear trees are general; but they repre- 
sent no important commercial activities. . 

In the northern portion of the State, extending eastward from the 
Panhandle region and including an area three to four counties in 
width, there are grown a good many pears in the aggregate. Some 
commercial production occurs. 

The remaining portions of the State are unimportant from the 
standpoint of pear preduction, but trees and an occasional orchard 
are found widely distributed. 

Some years ago many orchards were planted in the Gulf coast 
region, but most of these proved unsatisfactory because of the preva- 
lence of blight. | 

Varieties—In the El Paso district the Bartlett has been largely 
planted. This, and a few others of the choicer varieties, also the 
Kieffer, have been planted in the Panhandle region. In other parts 
of the State, the Kieffer is the principal variety, but the Le Conte, 
Garber, Smith, and other sorts are also found. 
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MOUNTAIN STATES. 


MONTANA. 


Distribution —There is little or no commercial pear growing in 
Montana. The climate in the eastern sections of the State is too 
severe, while blight has been a serious obstacle in maintaining such 
plantings as have been made in the Bitter Root and other valleys in 
the western part of the State where fruit-growing interests have 
been developed. 

Vurieties—Such varieties as the Bartlett and Flemish (/lemish 
Beauty) are reported to do well in the western districts, aside from 
their susceptibility to blight. 


IDAHO. 


Distribution—There is a small commercial production of pears 
in Idaho, principally in the Payette Valley, the Boise Valley, Council 
Valley, and the Lewiston district. These names signify in general 

the location of the regions. In limited quantities pears are also 
grown in most of the other fruit-producing valleys of the State. 
Varieties —The Bartlett variety predominates, but others, includ- 

ing the Flemish (Flemish Beauty), Anjou, Winter Nelis. Howell, 

Clairgeau, and Kieffer, are also planted. 


WYOMING, 


Distribution.—While there is no pear industry in Wyoming, a 
very few trees are found in the same districts as the apple. Such 
apple orchards as have been planted are principally in the valley of 
the Bighorn River and its tributaries in Bighorn, Washakie, and Hot 
Springs Counties; in the valley of the Platte River in Natrona, 
Converse, Platte, and Goshen Counties; and in more or less isolated 
locations in Crook, Johnson, and Sheridan Counties in the north- 
eastern part of the State. 

Varieties—Information regarding the adaptability of varieties is 
obviously meager. The Kieffer and Flemish (flemish Beauty) 
probably are planted more frequently than any other sorts. 


COLORADO. 


Distribution.—Pears are grown to a limited extent in most of the 
irrigated valleys of Colorado where fruit interests have been de- 
veloped, but the commercial orchards are located chiefly in the 
Canyon City district in Fremont County and in the Grand Valley 
in Mesa County. 

Varieties—The most important variety is the Bartlett, but the 
Anjou, Sheldon, Seckel, Lawrence, Winter Nelis, Kieffer, and some 
others are grown. 


NEW MEXICO. 
_ Distribution—Though pears are of secondary importance com- 
mercially in New Mexico, they are grown more or less in several val- 
leys in which a fruit industry has been developed. The principal 
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districts in which pears occur are as follows: The Mimbres Valley 
district, mostly in Luna County; the Rio Grande Valley district, ex- 
tending from the southern border of the State as far north as the 
northern part of Santa Fe County; the Otero County district in the 
northern part of the county of that name; the Lincoln County dis- 
trict, represented by several small valleys converging toward the 
southeastern part of that county; the Pecos Valley district, which 
extends through Eddy County and as far north as Roswell in Chaves 
County ; the Portales district in the eastern part of Roosevelt County, 
a recently developed fruit-growing section; and the San Juan County 
district, located along the San Juan River i in the northern part of 
the coutlon, 

Varieties—The varieties commonly grown are the Bartlett, Clapp 
Favorite, Anjou, and Winter Nelis. 


ARIZONA. 


Distribution.—Pears are grown in Arizona only to a very limited 
extent, but they occur more or less widely throughout the agricultural 
sections of the State, and more especially in the Salt River Valley in 
Maricopa uta east of Phoenix and in the Gila Valley in the 
central part of Graham County. 

Varieties.—The principal varieties are the Bartlett, Winter Nelis, 
and Kieffer. 

UTTAR. 

Distribution.—The pear-producing districts of Utah correspond 
rather closely with those apple districts which are south of Ogden, 
blight having destroyed most of the plantings made in previous years 
in the districts north of that city. The most important pear district, 
however, centers about Provo, in Utah County.. In this district the 
orchards are located in the Utah Lake Valley along the streams flow- 
ing out of the Wasatch Mountains into that lake. In Weber, Davis, 
and part of Salt Lake Counties orchards are likewise found in the 
valieys of the smali streams which come from the Wasatch Range 
and which empty into Salt Lake, while south of Salt Lake City or- 
chards occur in the Jordan Valley. 

Varieties —The more important varieties are the Bartlett, Anjou, 
Winter Nelis, Lawrence, and Flemish (flemish Beauty). 


NEVADA. 
Practically no pears are grown in Nevada. 
PACIFIC STATES. 
WASHINGTON. 
Distribution—Pears are of considerable commercial importance in 
Washington. They are grown principally in the irrigated valleys 
where apple and other fruit interests have been developed. The — 


largest production is in the Yakima Valley in Yakima and Benton — 
Counties. The Wenatchee Valley, with the interests centering about 
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the town of Wenatchee, but with some car-lot production at most of 
the other fruit-shipping stations, is second in importance. Small 
commercial interests have been developed in the Walla Walla dis- 
trict, in the Okanogan Valley, in the Puget Sound region at various 
points, and in certain localities in Clarke and Klickitat Counties. 

Varieties —The Bartlett is the variety most extensively grown. 
Other commercial sorts include the Clapp Favorite, White Doyenne, 
Flemish (Flemish Beauty), Bosc, Clairgeau, Comice, Seckel, Anjou, 
and Winter Nelis. 


OREGON. 


Distribution—Pears are of commercial importance in practically 
all the fruit-growing districts of Oregon. The most important dis- 
trict, with several thousand acres devoted to this fruit, is in the 
Rogue River valley, centering about Medford in Jackson County. 
Several centers of much smaller production are located in the Wil- 
lamette Valley, in Douglas, Polk, and Marion Counties, and else- 
where; in the Hood River valley; in the Milton-Freewater district; 
and in the Grande Ronde Valley in the northeastern part of the 
State. : 

Vanrreries.—In the Rogue River valley several varieties enter into 
the industry, the Bartlett, Howell, Clairgeau, Bosc, Comice, Anjou, 
and Winter Nelis being the most important. Several of these va- 
rieties, especially the Bartlett, Anjou, and Winter Nelis, are also 
grown in most of the other districts. The Clapp Favorite, Flemish 
(Flemish Beauty), and Kieffer occur in some of the orchards in the 
northeastern sections of the State. A number of other sorts are 
planted on a scale sufficient to suggest a wide range of adaptability 
of most of the commercial varieties commonly listed by nurserymen. 


CALIFORNIA. 


Distribution—While pears are widely grown throughout most 
parts of California, the commercial industry is more or less cen- 
tralized. As reported by the California State Commission of Horti- 
culture (Monthly Bulletin, vol. 5, No. 5, 1916), the counties named 
in Table II, with acreages in pears indicated, lead in importance. 


TABLE I].—Leading pear-producing counties in California, showing acreages in 
bearing and nonbearing pear trees in 1915. 


Area in pear \rea in pear 
orchards (acres). orchards (acres). 
County. ~ hee ‘Gi County. cag 
c Non- ‘ Non- 
Bearing bearing Eau bearing 
age. age. BE age. 
“LAIRD IE Se he Se eee eee 1, 460 1 OOM) ‘Solan Or cysio2(-e8sc6 ages nae 1, 000 230 
racer... .-.-.----- She See TS 5OON Sees ee BOLOMIES ee le teas ween eens 1, 097 554 
Bacramento...-.-...-..-i.-.+- 3, 000 2000) Los Angeles....-+--2-+-1----- 311 2,383 
Santa Clara....-. fottetee esses 1, 400 185 || San Luis Obispo---..--------- | 75 3, 285 
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While the last two counties named in Table II are unimportant 
from the standpoint of present production, the acreages of trees of 
nonbearing age in those counties are larger than in any others in the 
State. Several other counties having a relatively small production 
at present contain from 900 to 1,500 acres of trees not of bearing age. 
A large total acreage, however, may be made up of a great number 
of small noncommercial plantings, while a few hundred acres made 
up of several comparatively large plantings may make a community 
interest of considerable commercial significance. 

Varieties —The Bartlett variety so largely predominates in nearly 
all sections of California, both for shipping fresh and for drying, 
that it may be said practically to constitute the pear industry of the 
State. It is also the principal variety used for canning. In some sec- 
tions the Angouleme, Clairgeau, Comice, Easter, P. Barry, Winter 
Nelis, and a few others are grown. 
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SCOPE OF THE INVESTIGATIONS. 


Extensive varietal experiments with Kherson and Sixty-Day oats 
have been conducted in the United States during the past 15 
years. Prior to 1900 these varieties were practically unknown in 
this country, but to-day they are probably more generally grown than 
any of the oldervarieties. In this comparatively short time they have 
become widely distributed and are now of great commercial im- 
portance. 

The general popularity of these oats must be attributed largely to 
their early maturity and their ability to produce high yields. In 
sections where oats are grown primarily for market they have not 
met with favor because of their yellow color, but the small thin-hulled 
grains are highly regarded by farmers for feeding. 

Varietal experiments including the Kherson and the Sixty-Day oats 
have been conducted by the State agricultural experimental stations 
and the United States Department of Agriculture for periods varying 
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from 4 to 14 years. The large mass of data now available indicates 
quite definitely the adaptability of these varieties to the different sec- 
tions of the United States and their value in comparison with other — 
oats. Itis the purpose of this bulletin to assemble these data and to 
present such conclusions as they appear to warrant. 


SOURCES OF DATA. 


Three sources of data have been drawn upon for this publication, 
viz, the results of experiments conducted independently by the United 
States Department of Agriculture, of those conducted cooperatively 
by the United States Department of Agriculture and the State agri- 
cultural experiment stations, and those conducted independently by 
the State agricultural experiment stations. Data from the last-men- 
tioned source are included in order to present fully the present status 
of the Kherson and Sixty-Day varieties in the United States. Full 
credit is given in all cases where such data are used. In a number of 
instances where results have not been published recently the experi- 
ments have been summarized for this bulletin by officials of the various 
stations. 

The data presented herein have been obtained under a wide range 
of climatic and soil conditions. However, the varietal yields obtained 
at any one place should be fairly comparable, while the data from 
several stations in the same general area supplement each other. At 
nearly all stations the aim has been to grow the varieties in the varietal 
experiments under conditions similar to those on the best farms in 
the localities where the experiments were conducted. 

Those experiments which have been conducted under similar con- 
ditions have been grouped whenever practicable. The results obtained 
in the eastern half or humid portion of the United States are presented 
first, followed by those obtained in the western half or semiarid portion, 
including the results of a few experiments on irrigated land. 

In addition to the presentation of data on yield of grain, brief 
statements on yield of straw, weight per bushel, percentage of hull, 
and the improvement of Kherson and Sixty-Day oats are included 
in this bulletin. 


HISTORY OF KHERSON AND SIXTY-DAY OATS. 


Both the Kherson and the Sixty-Day oats were introduced into the 
United States from southern Russia. The first lot of the Kherson 
oats sent to this country was obtained by the Nebraska Agricultural 
Experiment Station (24)? in 1896 through Prof. F. W. Taylor, then 
superintendent of farmers’ institutes in Nebraska, while traveling 
through Russia. As it was obtained in the Kherson Govern- 


1 The serial numbers in parentheses refer to ‘‘ Literature cited’’ at the end ofthe bulletin. 
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ment, the name ‘‘Kherson”’ was given to it. Seed of the Sixty- 
Day variety was received by the Office of Foreign Seed and Plant 
Introduction of the Bureau of Plant Industry ! on March 6, 1901, 
from Dr. S. de Mrozinski, of Proskuroy, in the Podolia Government 
of Russia. This province is adjacent to and just west of the Kherson 
Government, and has essentially the same climatic and soil conditions. 
Both these varieties have been widely distributed in the United States, 
though probably the Sixty-Day is most widely grown. The origin 
of the Kherson oat is not definitely known. The Sixty-Day is said 
to have been originated by Dr. Mrozinski, but no information is at 
hand regarding the source of the material from which he made his 
selection. It is very probable, however, that the Kherson is from the 


Fic. 1.—A field of sixty-day oats in shock near Dickinson, N. Dak. 


same original stock, as the two varieties are practically identical in 
every way and were obtained from adjoining provinces. A field of 
Sixty-Day oats in shock near Dickinson, N. Dak., is shown in figure 1. 

A brief account of the section of Russia from which these vari- 
eties were obtained will be of value for comparison with soil and 
climatic conditions in the United States. As is pointed out in the 
following quotation from Carleton (9, pp. 8, 9), the Russian grain- 


producing region, of which the Kherson and Podolia Governments 


1S. P. I. No. 5938, Avena sativa, From Proskurow, Russia. Received through Dr. 8. de Mrozinski 
March 6, 1901. Sixty-Day, originated by Dr. Mrozinski.”’ (47, p. 44.) 

An earlier importation from Dr. Mrozinski was unnamed, but undoubtedly is identical with the Sixty- 
Day. It was grown at afew agricultural experiment stations under the name of “Seventy-five Day,”’ but 
was not widely distributed and soon became merged with the introduction just mentioned. The exact 
date when this importation was made is not stated in the record, but it was about June 1, 1900. The record 
is as follows: 

**5168. Avena sativa. From Proskurow, Russia. Presented by Dr. S. de Mrozinski. An 
early variety which ripens within 75 days from the seed.”’ (46, p. 57.) 
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are a part, is very similar to our upper Mississippi Valley and central 
Great Plains areas. 


The soil of the greater portion of the grain region of Russia and Siberia is well known 
in that country as the “‘Chernozem” or “‘black earth.” It is a broad belt of prairie, 
600 to 700 miles in average width, beginning in Hungary and extending northeast- 
ward to the Ural Mountains, and then eastward into Siberia to unknown boundaries. 
On the north and west are ‘‘the gray forest lands” and on the south and east are salt 
and alkaline districts and sandy wastes, and finally the Caucasus and Ural Mountains. 
By both chemical and mechanical analyses the soil is shown to be remarkably similar 
to that of our own prairies, also commonly known by the similar term of ‘black 
loam.’? The depth is on an average, probably a little greater than that of our 
prairie soll: *\;ae= 

The similarity between the Russian steppes and the Great Plains is fully as great 
in climate as in soil, both regions being emphatically continental and subject to great 
extremes of temperature and moisture. In the greater portions of the two regions the 
wintcrs are long and very severe, while the summers, though short, are intensely hot. 
Other noteworthy features of the climate are (1) the great number of clear days in the 
year, (2) the extreme amount of precipitation during two or three months of the sum- 
mer as compared with that of the remainder of the year, (3) the character of this pre- 
cipitation, falling in quick thunderstorms, as a rule, with very few days of mists or 
fogs, (4) the excessive heat of midsummer, following intensely cold winters, as already 
mentioned, and (5) the comparatively light snowfall. These features, while common 
to the two regions, are considerably more pronounced for corresponding portions of 
the grain belt in Russia than in the United States. For this reason varieties brought 
from Russia are all the better adapted for cultivation in this country, as they are al- 
ready used to even more rigorous conditions of climate than they will have to endure 
here. The snowfall, as a rule, is less on the Russian steppes than on the Great Plains, 
The rainfall is generally considerably less, and the extremes of temperature a little 
greater. 


DESCRIPTION OF KHERSON AND SIXTY-DAY OATS. 


Botanically, the Kherson and the Sixty-Day oats can not be dis- 
tinguished one from the other. Typical panicles and spikelets of 
these varieties are shown in figure 2. While these so-called varieties 
sometimes differ considerably in yield when grown under the same 
conditions, the difference is often no greater than that between two 
commercial strains of the same variety. Since the varieties are 
identical and the names, therefore, are synonymous, only one de- 
scription is given. 

Kherson, or Sixty-Day.—Early growth erect. Culms slender, stiff, glabrous or 
slightly pubescent at the nodes, 75 to 110 cm. tall. Sheaths deep green, glabrous; 
culm leaves 4 to 6, narrow, fine. Peduncle slender, straight, 30 to 45 cm. long, well 
exserted. Panicle equilateral, short, ovate; rachis nodes 6 to 7; branches short, slender, 
ascending, scabrous. Spikelets 25 to 50 or more, usually 2-flowered, sometimes 3- 
flowered. Empty glumes 20 to 22 mm. long, 5.5 to 6.5 mm. wide, usually 9-veined, 
grayish green before maturity. Lower lemma 14.5 to 16.5 mm. long, narrow, glabrous, 
varying from deep yellow to nearly white, the yellow predominating but becoming 
paler in semiarid sections or in dry years; basal hairs few or wanting; awus few or 
wanting, slender, weak, 20to 25mm. long. Upper lemma 10.5 to 12 mm. long, slender, 
plump, awnless. 
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The Kherson and Sixty-Day are early in maturing, ripening from 
90 to 100 days after sowing, or about 10 to 15 days earlier than most 
other varieties. It is the earliness of these varieties which has made 


Fic. 2.—Panicles and spikelets of two early yellow varieties of oats; 1, Kherson; 2, Sixty-Day. 


them particularly valuable in the corn belt and in the Great Plains 
area. Because of their earliness they are enabled to escape to some 
extent injury by drought, storms, and rust. 


6 BULLETIN 823, U. S. DEPARTMENT OF AGRICULTURE. 
EXPERIMENTAL DATA. 


While experiments with the Kherson and Sixty-Day oats were 
begun soon after their introduction into this country, these oats were 
not generally grown in varietal experiments in field plats until about 
1904. Within the following three or four years these varieties were 
generally included in varietal experiments by the agricultural ex- 
periment stations, particularly those in the corn belt and in the Great 
Plains area. Some of these experiments are still in progress, while 
others have been discontinued. Most of these experiments were 
continued long enough to furnish definite evidence regarding the 
adaptability of the variety to the locality. 


VARIETAL EXPERIMENTS IN THE EASTERN HALF OF THE 
UNITED STATES. 


Kherson and Sixty-Day oats have been included in practically all 
the varietal experiments with spring oats conducted in the eastern 
half, or humid area, of the United States. Results obtained at 23 
experiment stations located in 17 States are presented herein. For 
the most part, these experiments have been conducted in the North- 
Atlantic, the east North-Central, and the west North-Central groups 
of States. SH. | 

The experiments at Ithaca, N. Y., Ames, Iowa, McPherson, Kans., 
and Brookings, 8. Dak., have been conducted cooperatively by the 
United States Department of Agriculture and the State agricultural 
experiment stations of those States, respectively. The experiments 
at Orono, Me., Durham, N. H., State College, Pa., Wooster, Ohio, 
La Fayette, Ind., De Kalb, Fairfield, and Urbana, IIl., St. Paul, 
Crookston, and Grand Rapids, Minn., Fargo, N. Dak., Lincoln, Nebr., 
Manhattan, Kans., Knoxville, Tenn., Carthage, Mo., Fayetteville, 
Ark., and Denton, Tex., have been conducted independently by the 
agricultural experiment stations of the respective States. 

lif order to interpret experimental results properly, a knowledge 
of the principal physical factors influencing plant growth is essential. 
Such information as is available regarding these factors is shown in 
Table I. 

According to the data shown in Table I, the average annual pre- 
cipitation exceeds 40 inches at Orono, Me., Knoxville, Tenn., and 
Fayetteville, Ark. At the remaining stations except those in 
Minnesota, the Dakotas, and Nebraska, the average annual pre- 
cipitation is above 30 inches. Though occasional droughts occur, 
some of which are so long continued and so severe as to cause serious 
damage, the rainfall throughout this area is usually sufficient for 
crop growth. 

In most of the area under discussion summer temperatures are 
high. Except in New England and the Dakotas the mean tempera- 
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ture during July is about 70° I. at all stations and above this point 
during August at all except a few. The mean temperature during 
June ranges from 61.9° at Orono, Me., to 78.7° at Denton, Tex., 
exceeding 70° as far north as Indiana, Illinois, and Nebraska. 


TABLE I.—Altitude, average annual precipitation, mean seasonal temperatures, and 
general soil types at 23 experiment stations in the eastern half of the United States. 


{The circled figures in column 4 indicate the number of years during which the data were recorded when 
such period was more than the number of years shown in column 3.] 


Climatological data. 


c Alti- : 
Station. Mean temperatures(°F.). Soil type. 
ee tude. | Length Average E Cr) ae 
of precip- 
record. | itation. June. | July. | Aug. 
1 2 3 4 5 6 7 8 
Feet. | Years.| Inches. ft 
Orono, M6... ---+.---.- 129 35 43. 18 61.9 66. 9 65.0 | Light, sandy loam to me- 
dium clay loam. 
PDI AM NEL Le ccs cen sue 38 | @ 39. 82 64. 4 69. 1 66.6 | Clay and clay loam. 
MUTAGEN VG ersice: s.a<i=: 800 31 | @) 32.97 66. 2 70. 6 68. 2 | Clay loam and gravelly loam, 
State College, Pa..... 1,191 21 | @ 38. 94 66. 9 70. 7 68.7 | Clay loam (Hagerstown). 
Wooster, Ohio........| 1,030 24 | @) 38.73 67. 8 71. 4 68.9 | Silt loam. 
La Fayette, Ind.. 617 29 38. 29 70. 7 74. 6 72. 6 
1D ,ey Slo Ue eae 28} 35. 64 67.8 dil @) 69.6 | Brown silt loam. 
Fairfield, Tl. - 495 15 38. 61 73. 6 77.8 75.9 | Gray silt loam or light clay. 
LUN oe ae I DIES ea ae 24 35. 74 70. 8 74.8 72.7 | Brown silt loam. 
Madison, Wis... 974 31 | @ 31.25 67. 3 72. 0 69. 8 
PSL ogo) eam Go bo ee 848 38 | @) 27. 80 67. 2 72.0 69. 7 
Crookston, Minn...... 863 20 23. 01 63.5 | _ 68.2 65.8 | Clay loam (Fargo) and fine 
sandy loam (Fargo). 
Grand Rapids, Minn.4)........ 22 28; 05’ |ceemeees ll Stew axe arei|sieis cscteal 
Fargo, N. Dak.5...... 935 28 24. 91 64. 0 67.8 65. 8 
Brookings, S. Dak. . 1, 636 20 | @ 20.66 64.5 69. 4 67.6 | Sandy loam. 
PAimes Towa G23. -.|oe-e2se5 15 32. SO. Pee eetscee micilaeiieccse Black prairie loam. 
Lincoln, Nebr........ 1, 189 26| @ 28.438] 71.2] 75.8] 74.8 
Manhattan, Kans....| 1,100 Ai || @) Bie ELT 7.2 
McPherson, Kans.....| 1,495 17 32. 32 73.5 78.1 78.5 | Sandy loam. 
Carthage, Mo.7........|....-.-- 31 41. 55k ems |oe eel coe kee Brown silt loam (Crawford). 
Fayetteville, Ark... .. 1,451 18 | @) 46.76 (85 7 77.4 76.3 | Heavy clay and clay loam. 
Knoxville, Tenn...... 977 33 | @ 48.35 73.4 76. 2 74.7 
WMenponwNex8: |e 9 34, 45 78. 7 82.3 81.8 


1 Data recorded at Concord, about 30 miles northwest of Durham; altitude at Concord, 350 feet. 
2 Data recorded at Sycamore, about 6 miles northeast of De Kalb; altitude at Sycamore, 855 feet. 
3 Data recorded at Philo, about 8 miles south of Urbana; altitude at Philo, 700 feet. 
: nee recorded at Pokegama Falls, about 7 miles northwest of Grand Rapids; altitude at Pokegama Falls, 
290 feet. 
2 . . 
5 Data recorded at Moorhead, just opposite Fargo, in Minnesota; altitude at Moorhead, 935 feet. 
6 Data recorded at Ogden, 22 miles west of Ames; altitude at Ogden, 1,134 feet. 
7 Data recorded at Carthage 16 years; at Sarcoxie, about 13 miles southeast of Carthage, 8 years; and at 
Joplin, about 13 miles southwest of Carthage, 7 years; altitude at Joplin, 979 feet. 
8 Data recorded at Decatur, about 30 miles west of Denton; altitude at Decatur, 1,047 feet. 


RESULTS IN THE NORTH ATLANTIC STATES. 


In New England, the agricultural experiment stations of Maine 
and New Hampshire report varietal experiments with Sixty-Day and 
Kherson oats. The former station has conducted a rather extensive 
series of experiments with oats since 1910, including both commer- 
cial and pure-line strains of the Kherson variety. No recent varietal 
work has been reported by the New Hampshire station, but a limited 
number of varieties, including the Sixty-Day, were tested in 1904 
and in the 4-year period from 1906 to 1909, inclusive. 


~~ iend~enecagution’ 
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The New York (Cornell) and the Pennsylvania agricultura] 
experiment stations also report varietial experiments which include 
the Kherson and Sixty-Day oats. 


Results in Maine. 


The annual and average yields of the Kherson and of seven other 
varieties of oats grown at the Maine Agricultural Experiment Station 
at Orono (41, 42, 43) during the 6-year period from 1910 to 1915, 
inclusive, are shown in Table II. 


TasLeE Il.—Annual and average yields of the Kherson and of seven other commercial 
varieties of oats grown at the Maine Agricultural Experiment Station (at Orono) 
during the 6-year period from 1910 to 1915, inclusive. 


[Data compiled from Maine Agricultural Experiment Station Bulletins 229 and 250 (41 and 43).] 


Yield per acre (bushels). 


Group and variety. 
n 1910 | Tote 191 | dor) atotte ais 


age 

Barly: yellows Kéherson.s5-os--eee- ee eeeeeee 69. 4 47.8 52.7 60.8 82.7 66. 8 63.4 
Midseason yellow: Imported Scotch1.......--- 60. 0 62.4 62.2 67.7 87.1 64.8 67.4 
Midseason white: 

Bannersiss).ijcecesacsosses Be Ae ease 70.8 45.8 62.6 62.7 94.5 81.8 69.7 

IBrOSPeErUbY === as eee eee 65.5 52.8 67.4 63.0 92.1 74.1 69.2 

iri ShPVACtoTesse-eeeeeeee 70.5 55.6 61.6 67.0 82.4 76. 2 68.9 

Swedish Select........-- : 2A 40.9 56.5 60.9 79.9 68.3 63.1 
Late white (Side): Senator................... ia 53. 5 38.3 53.5 Hills 83.6 57.9 56.4) 


1 The identity of this variety is not definitely known. 


The data in Table II show rather conclusively that the midseason 
varieties outyield the Kherson at Orono. Banner and Prosperity, — 
the leading midseason varieties, have exceeded the Kherson in 6-year 
average yield by 6.3 and 5.8 bushels, respectively. On the other 
hand, the -Kherson has outyielded the Senator, a late side oat, by 7 
bushels. 

Several pure lines of the Kherson have been tested at the Maine 
station, but proved to be decidedly inferior to pure lines of Banner, 
Irish Victor, and Imported Scotch and therefore were discarded. 


Results in New Hampshire. 


The annual and average yields of the Kherson and four other 
varieties of oats grown at the New Hampshire Agricultural Experi- 
ment Station at Durham (44, p. 141-146) for two or more years of 
the 4-year period from 1906 to 1909, inclusive, are given in Table III. 
Although several varieties were grown in 1904, no data on yields 
are available, as all varieties were destroyed by rust. 

The data in Table III are not sufficient to determine the value of 
the Kherson oat for New Hampshire conditions. However, they 
indicate that the early varieties are of some promise, because they 
usually escape the rust and for that reason may outyield the mid- 
season varieties in a series of years. In the two years for which 
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yields of Kherson are reported it averaged slightly better than any 
other variety. 
Tasie IIT.—Annual and average yields of the Kherson and four other varieties of oats 


grown at the New Hampshire Agricultural Experiment Station (at Durham) during two or 
more years in the 4-year period from 1906 to 1909, inclusive. 


[Data compiled from New Hampshire Agricultural Experiment Station Bulletin 145 (44, p. 141-146).} 


Yield per acre (bushels). 
Group and variety. ANELABG. 
1906 1907 1908 1909 
1908 and 
1906 to 1909 1909 
MAMA VelOWie KGNErSON. seine cece ccsis-- |... ocean eeeee secs: 34.6 BON6)|Kisccmccecce 35.6 
Midseason yellow: 
ET OTULGMterstacieciemisesiiasetocen - 31.6 68.1 2555 31.9 39.3 28.7 
: Welcome !...... pnntiaisis es i= ==rie ice = 38.1 52.5 24.3 40.0 38.7 32.2 
Midseason white: Lincoln...........-- 24.1 Dieio 31.0 35. 8 37.1 33.4 
Late white (side): Long’s White Tar- 
Anes ae eta tae cas Aaties senceca wwe 35.3 68.7 31.5 33.1 42.2 32.3 


1 The true Welcome is a midseason white variety. 


Under date of November 26, 1917, Prof. F. W. Taylor, agronomist, 
writes: 

We have not grown any Kherson oats since 1909, and for that reason have no data 
other than that published in Bulletin 145. Everything considered, I do not think 
the Kherson oat is as well adapted to New Hampshire as some other strains like the 
Lincoln and Long’s White Tartar. What we need here is an oat that does not run too 
much to straw and one which has at least some rust-resisting qualities. 


Results in New York. ! 


At the Cornell University station (Ithaca) (23) the oat varietal 
experiments have been conducted in cooperation with the United 
States Department of Agriculture since 1907. While several pure- 
line selections of the Sixty-Day oat have been included in these 
experiments, only one (No. 5938-1) has been of sufficient promise to 
warrant its retention throughout the entire 11-year period from 1907 
to 1917, inclusive. The annual and average yields of two pure-line 
selections of the Sixty-Day, six selections from other varieties, and 
two unselected commercial varieties grown at Ithaca in seven or 
more years of the 11-year period from 1907 to 1917, inclusive, are 
shown in Table IV. 

The data in Table IV indicate clearly that the midseason white 
varieties will outyield the early yellow varieties in New York. The 
difference between the highest yielding Sixty-Day selection (5938-1) 
and the Welcome selection (123-5), the leading variety at Ithaca, is 
4.2 bushels. However, the Sixty-Day selection approaches the mid- 
season varieties more closely in yield than might generally be expected 
and in unfavorable years may surpass them. 


1 Data since 1913 are from unpublished annual reports of Dr. H. H. Love, collaborator, and Mr. W. T. 
Craig, agent, to the Office of Cereal Investigations. 
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Tasie I1V.—Annual and average yields of two pure-line selections of the Sixty-Day 
variety, six other pure-line selections, and two commercial varieties of oats grown at the 
Cornell University Agricultural Experiment Station, Ithaca, N. Y., during seven or 
more years in the 11-year period from 1907 to 1917, inclusive. 


Data obtained in cooperation with the Cornell Agricultural Experiment Station. ] 


Yield per acre (bushels). 


: Average. 
Group and variety. merietee 
1907} 1908} 1909} 1910)1911) 1912) 1913) 1914)1915)1916}1917) 997) 1997/1911 
to | to | to 
1913|/1917/1917 
Early yellow: : 
Sixty-Day selection......-.. 15938-1|60. 0/55. 0/56. 9/57. 5/49. 5/55. 2/55. 7/51. 6/73. 6|43. 4/47. 7/55. 7/55. 1153. 8, 
Doss cas ccce oelesacee ete 62-II-6-2/63. 7/65. 0/43. 3/59. 8/50. 2/41. 5/46. 3)....]...-|.---]---- B2n sees |eece 
Early white: } 
Pringle Progress selection - . 131-19}37. 5}40. 0/35. 7/50. 6)54. 4/56. 5/55. 7). ...)-...|----|---- Alle Dl nyinls | ahs S 2 
Early red: 
Burt selection. .-..-- Geiaee 33a1-15)41. 2/58. 7/44. 2/64. 8/47. 2/51. 4/53. 8}... .|...- Meee ee ¥ SIGiEetal 2-2 - 
D Oss 2526 nee eco ee 63-I-4]42. 5|57. 5/39. 9/62. 3/46. 2/50. 2/52. 4]....)....|..--]...- ees sees 
Midseason white: 
Welcome selection....-.-... 123-5/53. 7/67. 5|46. 8/61. 2/64. 0/69. 8/68. 9/46. 1/80. 4/48. 9/45. 3/61. 7/59. 3/60. 5 
Silvermine selection........-. 125-2052. 5|40. 0/43. 6/56. 0/88. 4/72. 9/68. 2/43. 1|76. 2/49. 2/45. 2/60. 2/57. 8/63. 3 
DO.s secs eee e ose eee 120-9]57. 5|42. 5/48. 3/62. 7/62. 0/67. 3/69. 5/45. 8/75. 2/47. 3/39. 6/58. 5/56. 2/58. 1 
Silvermine 2)... 0:2. 252.5. 5ecl soe sae ee | Sees meee leace eee 70. 7/66. 3|71. 3|44. 2176. 6/44. 9/48. 3)... .|---.|60.3 
LANCOIMN . (76 83 2s Hae Se elo | See e eae eee ee eee ech 58. 9|70. 4|70. 2/42. 1]72. 3/47. 2/40. 1]... .]...- 57.3 


1 The original strain, Seed and Plant Introduction No. 5938, is grown elsewhere under Cereal Investiga- 


tions No. 165. ; 
2 Plant Breeding No. 1571. 


In 1911, several. representative unselected commercial varieties 
were added to the experiments at Cornell University, which previous 
to that time had included mostly pure-line selections from hybrids 
and from commercial varieties. Among these were Sixty-Day, 
Silvermine, and Lincoln. The unselected Sixty-Day yielded so much 
less than the selection 5938-1 that it was discarded at the end of 
three years, but the other two varieties are still included. The 
7-year (1911-17) average yield of the Silvermine is 60.3 bushels; of 
the Lincoln, 57.3 bushels; and of the Sixty-Day selection (5938-1), 
53.8 bushels. 

Results in Pennsylvania. 

The Pennsylvania Agricultural Experiment Station at State 
College (15) has included the Sixty-Day variety in its experiments 
since 1907 and the Kherson variety since 1909. The results to and 
including 1910 have been published. The annual and average yields 
of these and seven other varieties in two or more years of the 4-year 
period from 1907 to 1910, inclusive, are shown in Table V. 

As shown in Table V, the Sixty-Day oat during the 4-year period 
from 1907 to 1910, inclusive, outyielded all others at State College. 
The 2-year data on the Kherson indicate that it will do equally as well 
as the Sixty-Day in central Pennsylvania. 

No data on oat varietal tests have been published by the Penn- 
sylvania station since 1911, but Prof. C. F. Noll, associate professor 
of experimental agronomy, has kindly summarized the more recent 
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investigations. In a letter dated December, 11, 1917, he states that 
of 27 varieties grown during the seven years from 1911 to 1917 the 
Kherson ranks sixth and the Sixty-Day eighth. In the three years 
1915, 1916, and 1917, however, these varieties rank first and third, 
respectively, among 30 varieties grown. In the 7-year period from 
1911 to 1917, inclusive, the Fourth of July ranks first, with an average 
yield of 64.6 bushels to the acre. In the same period the Kherson 
averaged 63.0 and the Sixty-Day 62.2 bushels. In the three years, 
1915, 1916, and 1917, Kherson ranks first, with an average yield of 
78.4 bushels; New Zealand second, 75.9 bushels; Sixty-Day third, 
75.8 bushels; and Fourth of July fourth, 75.7 bushels. In yield of 
straw the Kherson and Sixty-Day are consistently lowest of all, a 
characteristic which leads Prof. Noll to remark: 


In some sections where little or no wheat is grown and straw is relatively valuable 
we find these varieties objected to on account of their rather low yields of straw. 


TaBLE V.—Annual and average yields of the Kherson, Sixty-Day, and seven other varieties 
of oats grown at the Pennsylvania Agricultural Experiment Station (at State College) 
during two or more years in the 4-year period from 1907 to 1910, inclusive. 


[Data compiled from Pennsylvania Agricultural Experiment Station Bulletin 108 (15).] 


Yield per acre (bushels). 


Group and variety. Average. 
1907 1908 1909 MO  ———————— 
1909-1910} 1907-1910 


erly yellow: 
DR tiy aD) ayiers senses seas a bekiseisivisiers « 68.7 55. 0 56.9 77.5 67.2 64.5 
Hah enSOMmae a aneseercem ete adartaea cons -| - oo stieete|lsleteele sin sic 61.5 69.3 Gos Ailes aes ee 
Midseason white: 
TBO Re cd oes SEBO Reece ae ae 65.3 149.5 257.5 367.8 62.7 60.0 
Into ianan dell Che oes daedoe so soSe ees 62. 7 45.3 56.9 Se 64.3 59.2 
W ZOO MERIUISSIa see erie nincyaerejelccieieis irs <'- 64. 0 40.3 56. 7 71.8 64.3 58. 2 
ISN UI@WIR.« “oe bQbesuee aaae Cea eae ee nee 64. 4 44,5 58. 8 64.8 61.8 58.1 
MMwedish SeleCtece- oe. es esses ees es eo. 61.0 44.6 60. 9 65.4 63. 2 58.0 
Midseason black: 
VORTEC ance doce ROA t Oe OSPR EERE eee 63, 2 51.5 62.0 66.0 64.0 60.7 
Late white (side): 
WonesSMwWihitteDartares--......-.-.---2 64.0 45.8 58. 2 79.7 69.0 61.9 
1 Average of 12 check plats. 3 Average of 13 check plats. 
2 Average of 8check plats. 4 Probably identical with Irish Victor. 


Prof. Noll further states that where oats are sold the Sixty-Day 
and Kherson are objected to because of the small size and yellow 
color of their grain. ee 

The average yield of the leading variety in each group, at the sta- 
tions included in the North Atlantic States, is shown graphically 
in figure 3. 

The data presented in Tables II and III indicate that under New 
England conditions the midseason varieties will outyield the Kherson 
and the Sixty-Day. In Maine such varieties as Banner, Prosperity, 
and Irish Victor have averaged several bushels more than the Kherson 
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in a 6-year test. Yields of the Kherson have been reported for only 
two years at the New Hampshire station. In these years it has 
slightly outyielded the midseason varieties, but the data are too 
meager to justify any definite statement regarding its behavior over 
a longer period. 

The results shown in Tables IV and V indicate that the early varie- 
ties, Kherson and Sixty-Day, are high yielders in the North At- 
lantic States. However, the midseason white varieties have out- 
yielded the Sixty-Day under western New York conditions and 
are therefore recommended for that State. The results obtained 
at State College indicate that for the higher central and western 
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Fie. 3.—Diagram showing the average yields, in bushels per acre, of the highest yielding variety of each 
of several groups of oats at four experiment stations in the North Atlantic States during the periods 
of years indicated. 

td 


portions of Pennsylvania and for western Marylana, northwestern 
Virginia, and West Virginia, the Sixty-Day and Kherson will prob- 
ably outyield all shee parie tice. 


RESULTS IN THE EAST NORTH-CENTRAL STATES. 


The section designated as the east North-Central States includes 
the States of Ohio, Indiana, Michigan, Wisconsin, and Illinois. 
The agricultural experiment stations in all these States except Michi- 
gan have reported varietal experiments in which the Kherson, or 
Sixty-Day, or both have been included. : 

The Ohio station has included the Sixty-Day in very extensive 
varietal tests at Wooster since 1904. In 1908 two selections from 
the Sixty-Day were added. At the Indiana station both the Sixty- 
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Day and Kherson were grown from 1905 to 1908. Reports of varietal 
experiments at this station since 1908 have not included these varie- 
ties. At the Illinois station at Urbana the Sixty-Day has been 
grown since 1905, and it has also been included in varietal trials at 
De Kalb and Fairfield for several years. Yields of oat varieties at 
the Wisconsin station have not been published since 1907; both the 
Sixty-Day and the Kherson were grown that year and in the two 


ears previous. 
y P Results in Ohio. 


The annual and average yields of three strains of the Sixty-Day 
and of thirteen other high-yielding varieties and selections grown 
at the Ohio Agricultural Experiment Station at Wooster (49 and 51) 
for five or more years of the 9-year period from 1904 to 1912, in- 
clusive, are presented in Table VI. 


Taste VI.—Annual and average yields of the original Sixty-Day variety, two selections 
from that variety, and thirteen other high-yielding varieties and selections of oats grown 
at the Ohio Agricultural Experiment Station (at Wooster) during five or more years in 
the 9-year period from 1904 to 1912, inclusive. 


{Data compiled from Ohio Agricultural Experiment Station Bulletin No. 257 (51).] 
Yield per acre (bushels). 


Average. 
Group and variety. 


1904 | 1905 | 1906 | 1907 | 1908 | 1909 } 1910 | 1911 | 1912 


Early yellow: 


Sipthvalyas sorte cn Se 87.2 | 55.6 | 71.4 | 87.0 | 75.7 | 71.7 | 70.9 | 51.3 | 73.3 | 68.6] 68.2 
Sixty-Day selection, Ohio 
AQ SE) (AR ALIUG) IS Me Ce aie | Re I |= | [a Mde/3) I AO 9 dS Oh ocean Saale iene oe 
Sixty-Day selection, Ohio 
Gh 3 Hae dete Sees e oe one) en |S Abeae ed Paes GSaMNiel0! | toon OON ON aiaela idle 2alee eee 
Midseason white: 
INCH ates fe see el. 93.7 | 65.1 | 78.9 | 49.1 | 65.6 | 71.4] 76.6 | 67.4] 74.3] 71.1] 71.3 
Siberian selection, Ohio 6203. .|.....-|--:---|------|------ BEE TT EN ONAN R OS || 7635 yl ete mee 
PORE LOUIS eet ee. si ----} 82.3 | 68.5 | 83.2 | 49.2 | 58.4 | 67.0} 75.8 | 69.8 | 80.0] 70.2] 70.5 
ST hv GninnGe es eAes05 ee ae 84.1 | 64.5 | 82.6 | 47.1 | 60.1 | 67.4] 72.1] 71.0] 79.41 70.0] 69.8 
Improved American ........--. 85.7 | 59.5 | 87.2 | 45.5 | 67.2 | 73.5 | 63.5 | 65.8 | 77.1 | 69.4] 69.4 
Improved American selec- 
fron OnioG222-— 220 ess sol...) eee Sepeae MOF GMa Sided Ola dta tll LONG Wameae 
C7SaTOmEUSSIAS6. - == 25 5eh va! 71.7 | 63.7 | 81.6 | 45.7 | 71.0 | 70.0 | 66.9] 61.9 | 79.7 | 69.9] 68.0 
American Banner.....-...-..-- 83.4} 58.2 | 77.6 | 47.8] 65.8 | 67.0 | 64.6] 70.1 | 75.2] 68.5] 67.7 
ibieoli we Sa aS eee Seer 76.5 | 60.2 | 81.0 | 46.6 | 61.8 | 66.7 | 65.7 | 67.6 | 79.9 | 68.3 67.3 
Green Mountain.............- 82.5 | 59.0] 88.1 | 45.0 | 68.9 | 69.3 | 53.6 | 59.0 | 77.1 | 65.6 | 66.9 
Midseason black: : 
ROMANE UGee eee ceeris aeciaec nee 79.8 | 66.4} 81.3 | 48.6 | 73.7 | 67.4] 51.9 | 62.4] 78.8] 66.8] 67.3 
Late white (side): 
Long’s White Tartar.......-- 73.7 | 44.3 | 87.0} 50.6 | 51.1 | 66.1 | 76.9 | 64.7 | 72.0] 66.2| 65.2 
DLORMEKT See aeeeee eee ee |= -6 2.) .. 28 S001 | 44.3) ) 52.1 | 66.7 | 79:3 | 59.6 | 67.0) 64.7 |_--..- 


Reference to Table VI shows that the Sixty-Day ranks fifth among 
the commercial varieties which have been tested at Wooster during 
the 9-year period from 1904 to 1912, inclusive, with an average yield 
of 68.2 bushels. The highest yielding variety in this period was 
‘the Siberian, with an average yield of 71.3 bushels. The Siberian is 
a midseason white oat, as are also the other three varieties which out- 
yielded the Sixty-Day, viz, Big Four, Siberian, and Improved Amer- 
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ican. On the other hand, the Sixty-Day has outyielded the late 
white (side) oat White Tartar by a little more than 3 bushels per 
acre annually in the nine years that both varieties were grown. 

In the most recent publication on oats issued by the Ohio station, 
the ten leading varieties with an li-year average yield of 65 bushels 
or more are listed. Their rank, with yields for 1913 and 1914 added, 
was as follows: (1) Siberian, (2) Improved American, (3)Big Four, 
(4) Silvermine, (5) Green Mountain, (6) American Banner, (7) Sixty- 
Day, (8) Lincoln, (9) Czar of Russia, and (10) Joanette. 

The two selections of Sixty-Day listed in Table VI have outyielded 
the parent variety by several bushels each. The higher yielding of 
the two selections has averaged 72.3 bushels, as compared with 73.5 
bushels for the Siberian selection. The one other midseason white 
selection listed, that from Great American, has fallen below both 


the Sixty-Day selections in average yield. The behavior of these — 


selections indicates that certain pure lines of the Sixty-Day are among 
the best for growing in Ohio under conditions similar to those at 
Wooster. 


Results in Indiana. 


In Table VII the average yields of the Kherson, the Sixty-Day, 
and eight other varieties for the 4-year period from 1905 to 1908, 
inclusive, are presented. Anntal yields have not been reported by 
the Indiana Agricultural Experiment Station (50). 

TaBLE VIT.—Average yields of the Kherson, the Sixty-Day, and eight other varieties of 


oats grown, at the Indiana Agricultural Experiment Station (at La Fayette) during 
the 4-year period from 1905 to 1908, inclusive. 


[Data compiled from Indiana Agricultural Experiment Station Newspaper Bulletin 147 (50).] 


Group and variety. ste eer Group and variety. pal pet 

arly yellow: Hush els. Midseason white—Continued. Bushels. 
Sixt ys Day. vee sen cee cere ane Goldmine: $i. +: Dajscetotee teen 50. 8 
Haier son eee eae eee meee Bh A CzarotRussiatees. eee eee eee 50. 5 
Karly red: Big) Pout: 320 5225-28-eeseee eee eee 50.0 
Red Rustproof (Texas Red)......-- 48. 7 Tapered INTEGRIN 5 5 pc on sscceuSs 49.5 
Midseason white: Green Mountain .....-..---.----..-- 49.3 
Great Dakota). 2222. eee eee eee ee 54.0 Lineoln 2233-22 4 eee 48.8 


The results obtained at the Indiana station with early oats have 
been disappointing. The data in Table VII indicate that the Kher- 
son and the Sixty-Day varieties were not high yielders at La Fayette, 
having been outyielded considerably by the best of the midseason 
white varieties. Of 34 varieties included in the varietal tests during 
the 4-year period from 1905 to 1908, 10 of which are listed in Table 
VII, the Sixty-Day ranked sixteenth and the Kherson twenty-ninth 
in average yield per acre. The one representative of the Red Rust- 
proof group, Texas Red, as shown in Table VII, outyielded the Sixty- 
Day variety by 1.5 bushels in the 4-year period. 


a 


EXPERIMENTS WITH KHERSON AND SIXTY-DAY OATS. a TE 


Results in Michigan. 


No results of varietal tests of oats at the Michigan station have 
been published for many years. Such information as is available, 
however, indicates that midseason and late oats are to be preferred to 
the Sixty-Day and Kherson for growing in that State. The Worthy 
and the Success, midseason white varieties developed by the agri- 
cultural experiment station at Kast Lansing, are particularly recom- 
mended. In a recent letter, Prof. Frank A. Spragg, plant breeder 
of the Michigan station, says: 

We have had a number of strains of Sixty-Day and Kherson at various times in our 
varietal tests, but have never gotten as good yields as from the midseason and late 
varieties. Conditions in Michigan are quite different from those in the corn belt, 
where earliness in oats is desirable in order to enable them to ripen before hot summer 
weather. Our spring is often late, but when it opens everything comes with a rush, 
the hot spell usually striking us about July 1 and lasting two or three weeks. This 
hot weather injures the early oats. The oat that yields best with us is one that is 
not far enough advanced at this time to be hurt by hot weather and which Sean out 
and ripens early in August immediately after the hot spell. 

Early oats should be of advantage in the Upper Peninsula of Michigan, because the 
season there starts late and rains in August are frequent, interfering with the harvest- 
ing of the later varieties. The Sixty-Day and Kherson are very unpopular, however, 
because farmers do not like the small, slender kernels. 


Results in Wisconsin. 


The results of varietal tests, including the Kherson and Sixty-Day 
oats, are reported for the years 1905 to 1907, inclusive, by the Wis- 
consin Agricultural Experiment Station (29). Since 1907 no tabu- 
lated results on varietal tests with oats have been reported. The 
annual and average yields of the Kherson and Sixty-Day and of three 
other varieties of oats grown at the Wisconsin Agricultural Experi- 
ment Station during the three years from 1905 to 1907, inclusive, are 
shown in Table VIII. 


Tasie VIII.—Annual and average yields of the Kherson, Sixty-Day, and three other 
varieties of oats grown at the Wisconsin Agricultural Experiment Station (at Madi- 
son) during two or more years in the 3-year period from 1905 to 1907, inclusive. 


Yield per acre (bushels). 
Wis- Ws 
Group and variety. consin WORE: 
0. 
1905 1906 1907 
1906 and | 1905 to 
1907. 1907, 

Barly yellow: 

Sixty-Day....-2-- CELA Pers en ate saat 1 4] 66.8 78.1 * 28.0 53.1 57.9 

REHOTS OUR ene sansa ne soe see nee: Ce | eae ees 60. 0 33. 0 AGS |e eee are 
Midseason white: 

Wisconsin Wonder..-.:.....-..-..-..-- 34 60.0 43.1 20.0 31.6 41.0 

SCULLY SiS) VG Bis ae ee 2 4 50. 0 39.0 12.5 25.8 33.8 
Late white (side): 

PAVVILOMEUIISSION@ en Jee kate Jc. 48 51.2 23.8 17.5 20. 7 30.8 


1 Seed and Plant Introduction No. 12303 and Cereal Investigations No. 165. 
2 Seed and Plant Introduction No. 2788 and Cereal Investigations No. 134. 
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The data presented in Table VIII indicate that the early yellow 
varieties, Kherson and Sixty-Day, yielded well at Madison during 
the three years from 1905 to 1907, inclusive. In this period the 
Sixty-Day outyielded the Wisconsin Wonder, one of the leading mid- 
season varieties, by about 17 bushels. This is much more than the 
normal difference between these varieties, however. The principal 
objection to the Sixty-Day and the Kherson oats at the Wisconsin 
station has been their rather weak straw and consequent lability to 
jodge. They are best adapted to the low and more fertile soils in 
the southern portion of the State, where they usually ripen in suffi- 
cient time to escape the most severe attacks of rust. 

No report on experiments with oats has been published by the 
Wisconsin station since 1908, but in a letter dated December 5, 1917, 
Mr. B. D. Leith, assistant professor of agronomy at the University of 
Wisconsin, writes: 

We consider the Kherson oats particularly valuable under certain conditions. As 
arule, we do not get as much lodging and rust, quite largely due to its earlier maturity. 
Tf it does lodge it fills out better than the Swedish Select when it lodges. 


Under adverse conditions it has been the highest yielding oat in our test plats. In 
1915 it was harvested before our heavy storms lodged the other oats, and the yields ran 


-above 100 bushels to the acre. In 1917 the yield was one of the best, largely due to 


the fact that it was not lodged so badly as the other oats, and there was less grain lost. 
in harvesting. In very hot, dry years where oats are usually light the Kherson has’ 
been one of our best yielders. 

We have experimented with both Sixty-Day and Kherson oats. We pedigreed a 
strain from each and the pedigreed No. 7 selection from the Kherson strain proved a 
slightly heavier yielder and a little larger kernel than the pedigreed No. 6 from the 
Sixty-Day strain, so we disseminated the pedigreed No. 7 to the farmers and did not 
disseminate the pedigreed No. 6. 

Farmers in the sandy regions report that they are well pleased with the pedigreed 
No. 7 oats. It seems to be better suited to these regions than the midseason oats. 
I have in my hand a letter from a farmer on clay-loam soil who reports a yield of 80 
bushels per acre from the pedigreed No. 7 oats last season. He states that it lodged 
considerably and if he had been able to save all the crop he feels sure that he would 
have received 100 bushels per acre. The real objection to this oats is that it can not 
command as high a price on the market as other oats. This man states that he willbe - 
obliged to take 3 cents a bushel less than he would for white oats. 


Results in IHinois. 


The Sixty-Day oat has been included in the varietal experiments 
at the Ilhnois station at Urbana (7) since 1905. This variety was 
also grown at De Kalb, in northern Illinois, during the four years 
from 1911 to 1914, inclusive, and at Fairfield, in southern Illinois, for 
several years. The Richland (Lowa No. 105), a yellow selection from 
the Kherson, was added to the tests at Urbana and De Kalb in 1915. 
The following year the Albion (Iowa No. 103), a white selection from 
the Kherson, was also grown at these two points. 


EXPERIMENTS WITH KHERSON AND SIXTY-DAY OATS. Sirf 


RESULTS AT DE KALB. 


The annual and average yields of the Sixty-Day, of two selections 
from the Kherson variety (lowa No. 103 and Iowa No. 105), and of 
four other varieties of oats grown at De Kalb by the Llnois Agricul- 
tural Experiment Station in one or more years in the 10-year period 
from 1907 to 1916, inclusive, are shown in Table IX. 


Taste IX.—Annual and average yields of three early and four midseason varieties of oats 
grown. by the Illinois Agricultural Experiment Station (at De Kalb) during one or more 
years in the 10-year period from 1907 to 1916, inclusive. 


[Data compiled from Illinois Agricultural Experiment Station Bulletin 195 (7).] 


Yield per acre (bushels). 


Average. 
Group and variety. 
1907 | 1909 | 1910 } 1911 | 1912 | 1913 | 1914 | 1915 1916 1911 | 1915 
to } and 
1914 | 1916 
Early yellow: : 
Sib 61D ey ae eoerae Ree eee fa S80 [sec - | eee Mantel | ROZeranl Aled Onsale errs rye te Sano Laeeee 
‘Albion (Lowa No. 103, Hite) eects | icte.sis'c| Ceara ee crtare Sacha = aes oe cra] se khan 67.6 | 69.6 |..-.-- 68. 6 
Richland (Iowa No. 105). . Aces eae vs = (Reece llccrealesieeas|aemeeelSaaaee GOR Eee Sees 
Midseason white: 
American Banner......-.-..-- 28.8! [oe - --\- | pees 57.1 | 77.9 | 61.5 | 43.3 | 61.6 | 65.4 | 60.0] 63.5 
Sehaeneneee see es ecco 26°60)... -22 2 eee Be. 7 | 77.2 |) 64.9 | 47.2 | 63.8 | 71.1 | 61.3] 67.5 
Silvermine:-oss5- 524.55 ste 32,2) | 5... .olteaneee 3.6 | 76.4 | 63.8 | 49.0 | 78.4 | 62.6 | 60.7] 70.5 
NMedishioeleGheet fn. eee cs ale cous. 52.9 | 78.4 30. 6 | 70.0 | 48.0 | 47.5 | 62.8 | 59.3 | 54.0} 61.1 


The data shown in Table IX indicate that for northern Lllinois the 
best midseason white varieties will outyield the early sorts. How- 
ever, in 1915 and 1916 the Albion (lowa No. 103), a white selection 
of the Kherson, has yielded nearly as well.as the Silvermine and the 
Schoenen, the two leading midseason white varieties. This new oat 
appears to be of considerable promise for northern Illinois. 


RESULTS AT URBANA. 


The annual and average yields of four strains of early yellow and 
six other varieties of oats grown at the Illinois Agricultural Experi- 
ment Station at Urbana in one or more years during the 12-year 
period from 1905 to 1916, inclusive, are presented in Table X. 

The data given in Table X show that in central Illinois the early 
varieties outyield all others and are therefore to be recommended. 
So far the original Sixty-Day has outyielded the Richland (lowa No. 
103), a yellow selection from Kherson. The Albion (Iowa No. 105), 
however, a white selection from the Kherson, materially outyielded 
both the Kherson and the Sixty-Day in 1916, the first year it was 
grown at Urbana. Both these pure lines of Kherson appear to be well 
worth growing in central Illinois. 

139872°—20—Bull. 8232 
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TaBLE X.—Annual and average yields of four early yellow and six other varieties of oats 
grown at the Illinois Agricultural Experiment Station (at Urbana) in one or more of 
the 11 years, 1905 and 1907 to 1916, inclusive. : 


[Data compiled from Illinois Agricultural Experiment Station Bulletin 195 (7).] 


Yield per acre (bushels). 


Average. 


Group and variety. 


5 1905 
1905 | 1907 | 1908 | 1909 | 1910 | 1911 | 1912) 1913 | 1914} 1915 1916 | 574'| 4913! 1915 


1907| to.| and 


1916 

Early yellow: 

Sixty-Day.......-- eee 56.9 167.1 |48.8 |46.6 |75.6 [49.1 172.4 |28.4 |51.0 |83.6 [59.2 [58.1 [55.6 | 71.4 

KhersOn: «= 5. icteea ge eciecee © os] eee | Bese leo inno salle 32.3 141.3 166.9 |65.4 |-..-- 151.5 | 66.2 

IRIAN E LAK ZINC MOS) Ho 555] acollssnos|osace|baaes| oscar ac docllensadliecooe 70. 4 (67.5 |...-.]----- 69. 0 

Albion (Iowa No. 103, ; 

White): £22 5. foe cio ose Sees eee |e 5 SI ir ee | ea ees | eae (ose be esa se een 

Early white: : 

Barly Champ omesa 2s seis |= ey emesis eee | 220 |e en 24.3 |41.6 |66.6 [57.8 |.--.. 47.6 | 62.2 
Midseason white: 

Siberian 52/2: er essere 68. 2 |33. 7 |31.7 |43.6 158.6 |60.5 172. 8 124.3 |50.4 |62.3 |71.4 [52.5 152.1 | 66.9 

American Banner....... 56. 7 134.7 |25.3 |46.6 56.2 |48.5 163.7 32.8 154.2 |65.9 |70.5 150.5 |55.9 | 68.2 

Swedish Select =< 22 sasss5|temee [neces lneeee (oeeee acne 58.3 |70.8 14.1 |54.5 |61.6 68.5 |..-.- 49.7 | 65.1 
Late white (side): 

Silver*Plime! sadn seca ae eee eee Peele ole ences 79. 8 |20.8 |53. 2 |67.5 |64.2 |..... 51.4 | 65.9 
Late black (side): 


Blacks Rantanian sss seeee BONOR|TGRO M435 70 |e 2 2 least eee leer eee GOSS S29 Senses 56.6 


BES EES AT FAIRFIELD. 


The annual and average yields of one representative each of the 
early yellow, early white, midseason white, and early red groups, 
respectively, grown by the Illinois Agricultural Experiment Station 
at Fairfield in 1909 and 1915, are given in Table XI, together with 
the yield of Use Richland in 1915. 


Taste XI.—Annual and average yields of the Sixty-Day, Richland, and three other 
varieties of oats grown by the Illinois Agricultural Experiment Station (at Fairfield) 
in the years 1909 and 1915. 


[Data compiled from Illinois Agricultural Experiment Station Bulletin 195 (7).] 


Yield per acre Yield per acre 
(bushels). (bushels). 
Group and variety. SSeS Group and variety. 
Aver- Aver- 
1909 | 1915 age. 1909 | 1915 age. 
Healy yellow: Early red: 
Kby-D ayere sneer eee BAD). il || DESI Bi7e83 Red Rustproof(TexasRed)} 60.1] 34.1] 47.1 
Pyehianay (lowa No. 105) -j-----.. SEG |[soadeens Midseason white: 
Early white: White Bonanza.........-. 35.4 | 34.5] 35.0 
Karly Champion.....-... 48.9] 27.3] 38.1 


The few data given in Table XI show that the early red variety 
Red Rustproof (Texas Red), outyielded all others in the 2-year test 
at Fairfield, where it exceeded the Sixty-Day by about 10 bushels 
in average yield. 


EXPERIMENTS WITH KHERSON AND SIXTY-DAY OATS. 19 
Conclusions. 


The average yield of the leading variety in each group at the 
stations included in the east North-Central States is shown graph- 
ically in figure 4. 

The data presented in Table VI indicate that under Ohio condi- 
tions early oats will yield about as well as the best midseason white 
varieties, such as Siberian, Big Four, Improved American, and Silver- 
mine, and that where early maturity is an advantage they are prefer- 
able to these varieties. The late white side varieties are not to be 
recommended. 


BUVALLS 70 2O 3O #0 0 60 7O GSO 
SAVE OIF 682 | : 

SVBEUAV UE 

SOMITE 623 


Be RIES EER 


DEKMLBIML| = SUT O9K 582 
FERS SCHOLNEL/WV OnF 
CEMA L, = STK DQG EEL 
UHARS SRLEXUAV 52. 


LAST WORTH CL NIPFYIL STATES 


LEACLNO UE INNA ZZ) (ee eH oo 
LARLY EARLY CAVA CUOSEASOV (UBSEASON LATE 
YELLOW UWitTE Fla Weld BLACK KTE 


Fic. 4.—Diagram showing the average yields, in bushels per acre, of the highest yielding variety of each 
of several groups of oats at six agricultural experiment stations in the east North-Central States, during 
the periods of years indicated. 


The results obtained at La Fayette, Ind., show that the Kherson 
and the Sixty-Day are not desirable for growing in that State. The 
midseason white varieties apparently are the best under Indiana 
conditions. The midseason varieties are preferable to the early yel- 
low varieties, Kherson and Sixty-Day, for the greater portion of 
Michigan. 

The available Wisconsin data happen to include results for two 
years which were particularly unfavorable to midseason and late 
oats. They serve to show, however, that early oats are well worth 
erowing on a part of the acreage in that State, particularly in the 
southern half. 
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Conditions in northern Illinois (De Kalb) are quite similar to those 
at Madison, Wis., but the data include those for several years favor- 
able to midseason varieties, so that on the average these have out- 
yielded the Sixty-Day. The yields of the Sixty-Day in the less 
favorable years with correspondingly higher prices, and particularly 
the high yields of the two Kherson selections from Iowa, indicate 
that early oats are desirable in this section. 

In central Illinois the Sixty-Day has considerably outyielded the 
midseason and late varieties in an 11-year test and can be strongly 
recommended. In southern Illinois, as indicated by the test at 
Fairfield, the Red Rustproof is to be preferred. 


RESULTS IN THE WEST NORTH-CENTRAL SECTION. 


The west north-central section includes the States of Minnesota, 
Towa, and Missouri, and the eastern and more humid portions of the 
Dakotas, Nebraska, and Kansas. Varietal experiments including 
Kherson and Sixty-Day oats have been conducted in all these States 
either independently by the State agricultural experiment stations or 
in cooperation with the United States Department of Agriculture. 

The Minnesota station has grown the Kherson and Sixty-Day oats 
since 1906, but has not published the results of its experiments 
since 1908. The Northwest Experiment Station at Crookston, how- 
ever, has recently reported the results of varietal trials, including 
these varieties, during the five years from 1912 to 1916. The North- 
Central Experiment Station at Grand Rapids also has reported the 
results of varietal experiments with Kherson and Sixty-Day oats for 
1915 and 1916. The data available from eastern North Dakota are 
for the years from 1901 to 1908, and from South Dakota for the years — 
from 1904 to 1917. Results are available from the Iowa station for 
the 11 years from 1907 to 1917, inclusive. Nebraska has recently 
published data on varietal experiments with oats, so that figures are 
available for the 14 years from 1903 to 1916. The Kansas station 
has published results obtained during the 7-year period from 1903 
to 1909. The data since 1910 have been obtained in cooperation 
with the United States Department of Agriculture. No reports of 
varietal trials of oats at the Missouri station have been published for 


many years. 
Results in Minnesota. 


RESULTS AT UNIVERSITY FARM. 


The annual and average yields of the Kherson, Sixty-Day, and six 
other commercial varieties of oats grown at the Minnesota Agricul- 
tural Experiment Station, University Farm, St. Paul (5), during the 
3-year period 1906 to 1908, inclusive, are presented in Table XII. 
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The few data given in Table XII are not very conclusive. The 
Sixty-Day variety apparently has decidedly outyielded the Kherson, 
but the difference is due to an unexplained wide variation in yields 
in 1906. The best midseason white varieties, Myrick Banner and 
Lincoln, have yielded slightly less than the Sixty-Day. Typical pani- 

cles and spikelets of three leading midseason white varieties of oats 
are shown in figure 5. 


Fic. 5.—Panicles and spikelets of three midseason white varieties of oats: 1, Victory; 2, Silvermine; 3, 
Swedish Select. 


In a letter dated December 20, 1917, Prof. A. C. Arny, agronomist 
of the Minnesota station, states that in an experiment with heavy, 
‘medium, and light seed in which Ligowo and Sixty-Day (Minn. No. 
261) were used, the Sixty-Day consistently outyielded the Ligowo.in 
all cases in 1914, 1915, and 1916, but that the yields were reversed 
in 1917. He further states that the Victory oat has been the leading 
variety at the Minnesota station in recent years, and that a selection 


2D, BULLETIN 823, U. S. DEPARTMENT OF AGRICULTURE. 


from Sixty-Day has ranked second to Victory for three years. In 
his opinion early oats of the Sixty-Day type are promising in southern 
Minnesota. 

TABLE XII. — Annual and average yields of the Kherson, Sixty-Day, and six other varieties 


of oats grown at the Minnesota Agricultural Experiment Station (at St. Paul) during 
the 3-year period from 1906 to 1908, inclusive. 


[Data compiled from Minnesota Agricultural Experiment Station Bulletin 115 (5).] 


Yield per acre (bushels). 
Group and variety. ne ; 
| 1906 107 1908 | Average. 

Early yellow: 

Sixty-Day sss ee ee eee eee 261 76.8 62.5 44.0 61.1 

KM CTSON. = S22 se oe soe ceo Oe ae Ee ree 358 36. 2 77.5 42.0 51.9 
Early white: 

Marly, Champions: sect asc hepa eee eee 267 63. 7 G5S6') | See e Ren soe: 
Midseason white: : 2 

Myrick Banners 2s. 5 eee eee 348 89.3 46.8 45.3 60.5 

American: Banners e225. Seer esoSese: 311 88. 1 36.9 40. 7 55. 2 

Big BOUTS esate ee a ee eee = 353 71.8 50. 6 32.5 51.6 

Dyin Coln: 2an8 ee pe Sates eee ee es sere 282 76. 8 48.1 49.0 58.0 
Late white (side): 

White Russian 42-2: aie Seer a eee 302 85.0 38. 7 | - 33.5 52.4 


- 


RESULTS AT CROOKSTON. 


The University of Minnesota Department of Agriculture has in- 
cluded the Kherson and Sixty-Day oats in the varietal experiments | 
at the Northwest Experiment Station at Crookston since 1912. The 
data from these experiments have been published for the five years 
from 1912 to 1916, inclusive (34, pp. 38-40). The annual and average 
yields of the most important varieties are shown in Table XIII. 


TaBLe XIII.~-Annual and average yields of three strains of early yellow and twelve 


other varieties of oats grown at the Northwest Experiment Station, Crookston, Minn., 
during three or more years in the 5-year period from 1912 to 1916, inclusive. 


[Data compiled from Report of the Superintendent, Northwest Experiment Station, 1910-1916 (34, 


pp. 38-40). ] 
Yield per acre (bushels). 
Group and yariety. at TE 
1912 1913 1914 1915 1916 Average. 
Early yellow: 
Sixty-Dayi-=.2--= a: eee eee 60. 2 60. 5 46.3 63. 4 35. 5 53. 2 
DOF Sa ee ES EN iets SE Syd, AL 32. 2 APD ees are Aes cturercis oe 
TORETSON «22 ook cece eee ee 40.1 39.5 47.7 65. 4 34, 2 45.4 
Early white: 
Harly Champion’. -25-.-222eee ee ee 45. 1 31.8 46.3 42.9 27.6 38. 7 
Midseason yellow: 
Golden Beauty... 22-62 22 Soe eee 62. 0 57.0 47.5 99. 6 21.7 55. 6 
Midseason white: 
Kane Oscar®. ecco ee eee 58. 1 53. 2 60. 6 89. 2 26. 1 57.4 
PANN CI: coh 55 so a ee eee 81.8 56.8 45.0 72. 8 28. 6 57. 0 
ianprovedsAamtericanves.. 9. seen ee aes 59. 3 59. 0 50. 9 91.7 22.2, 56. 6 
Canadians No: 429. 2: 523 ee Ae 68. 0 59.5 44.1 89. 6 20. 4 56.3 
WICLOIY a: =o ateo ee 2 ee ee 51.3 54.5 56. 9 85. 6 30. 2 55.7 
Manish) Wsland! 320 eee 34. 3 (Bete 60. 1 79.8 24.5 54.5 
incoin= No. 282-.2.0- 5 hee eee 50. 3 47.4 55. 0 94.2 23. 3 54.0 
Swedish’ Select... 2.020 22322 seen oe 64. 1 51.3 47.2 76. 3 24.5 52.7 
Late white (side): 
Canadian Cluster: 2 = aes eee 55. 1 55. 7 41.3 86.5 20.0 51.7 
SPV be NERO LISSIAT es ree se eee 60. 1 43.1 48.4 88. 8 23. 6 52.8 
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The data contained in Table XIII show that on the average the 
midseason white varieties have slightly outyielded the Sixty-Day in 
northwestern Minnesota, the better varieties averaging about 4 
bushels more in the 5-year period from 1912 to 1916. In occasional 
unfavorable years, as in 1916, the early oats considerably outyielded 
the midseason varieties. The 5-year average yields of the Sixty-Day 
and the White Russian, a late side oat popular in this section, were 
practically the same. The Sixty-Day averaged about 8 bushels 
more than the Kherson for the 5-year period, but the difference is 
due entirely to wide variations in the yields in 1912 and 1913. 


RESULTS AT GRAND RAPIDS, 


, 


The University of Minnesota Department of Agriculture has in- 
cluded the Kherson and Sixty-Day oats in the varietal experiments 
conducted at the North-Central Experiment Station at Grand Rapids 
(26, p. 16). The results of these experiments are reported for the 
years 1915 and 1916. The annual and average yields of the Sixty- 
Day and Kherson and a number of other varieties are shown in 
Table XIV. 


TaBLE XIV.—Annual and average yields of the Kherson, the Sixty-Day, and eight other 
varieties of oats grown at the North-Central Experiment Station, Grand Rapids, Minn., 
in 1915 and 1916. 


{Data compiled from Report of Progress of Work and Guide to Experimental Plats, North-Central 
Experiment Station, Minnesota Agricultural Experim ent Station, 1917 (26, p. 16).] 


Yield per acre Yield per acre 
(bushels). (bushels). 
Group and variety. a Group and variety. 
Aver- Aver- 
1915 | 1916 age. 1915 | 1916 age. 
Early yellow: Midseason white—Continued. 
BESOMM asst one oes cs 106.3 | 61.9] 84.1 Lincoln (pedigreed)...... 5.6} 46.6] 71.1 
Sixty-Day ...-..-.-.--.-. 110.6 | 40.0]. 75.3 Danish Island............ 84.4 | 56.9] 70.7 
Midseason yellow: Abundance.........-.--- 83.9 | 52.2] 68.1 
Golden Beauty.-..------- 86.8 | 57.5} 72.2 Swedish Select....-.....- 79.6 | 50.6] 65.1 
Midseason white: : Late white (side): 
Banner....--.-- eee eto ee 97.9 | 61.2 | 79.6 White Russian..........-- 100.0] 57.8] 78.9 
Newmarket .....-.----.-- 88.6] 57.5 | 73.1 


The data presented in Table XIV show that in 1915 the Kherson 
and Sixty-Day decidedly outyielded all other varieties at Grand 
Rapids. In 1916 occurred an unexplained wide difference in yield 
between them, the Kherson being the highest yielding and the Sixty- 
Day the lowest of the 12 varieties included in the tests. Evidently 
the Sixty-Day was grown under very unfavorable conditions or 
some discrepancy occurred in the experiments which resulted in 
the abnormally low yield. The average yield of the Kherson for the 
two years is 4.5 bushels higher than that of any other variety. 
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Results in Eastern North Dakota (35).} 


The annual and average yields of the two early yellow varieties, 
Sixty-Day and Seventy-five Day, and of eight other varieties of oats 
grown at the North Dakcta Agricultural Experiment Station at 
Fargo during six or more years of the 8-year period from 1901 to 1908, 
inclusive, are shown in Table XV. These results were obtained in 
cooperation with the Office of Cereal Investigations. 


TaBLeE XV.—Annual and average yields of two early yellow and eight other varieties of 
oats grown at the North Dakota Agricultural Experiment Station (at Fargo) during six 
or more years in the 8-year period from 1901 to 1908, inclusive. 


{Data obtained cooperatively by the North Dakota Agricultural Experiment Station and the Bureau 
of Plant Industry.] 


= 


Yield per acre (bushels). Average. 
V4 
: anti sen ies 
Group and variety. Dakota 1904 100 fi 
No : e 
¥ 1901 | 1992 | 1903 | 1904 | 1906 | 1907 | 1908 | and | and 
: 1906 | 1906 
to) to 
1908 | 1908 
Early yellow: 
Siahye Daye eniele 7 666 | 50.4 | 72.2 | 42.0 | 59.2 | 47.9 | 77.5] 95.2] 63.5 | 65.7 
Seventy-five Day!........---.--- GIS eee Se 96.9 | 50.7 | 75.4 | 54.2 | 76.5 | 91.5 |... 74. 2 
Midseason white: : 
Big Four....-..- Gases: See Sees 725 | 58.8 | 41.6 | 70.5 | 54.9 | 58.1 | 60.0 | 75.0 | 59.8 | 60.9 
Aiyund ances = seen eee meee 866 | 58.9 |. 47.5 | 71.2 | 67.3 | 50.0 | 54.2 | 66.5] 59.4] 59.5, 
Siberian 2 ese aee ya seee eee 864 | 60.5 | 47.0 | 69.1 | 55.5 | 47.9 | 55.5 | 80.0 | 59.4] 59.2 
Lincoln: .2285 6-2 ose eee 768 | 54.5 | 33.9 | 66.1 | 65.5 | 43.7 | 55.0 | 95.0 | 59.1] 59.9 
Swedish Select .....-....----..-- G9 | eee 30.8 | 68.2 | 54.6 | 48.1 | 58.7 | 67.0 |.....- 54.6 
Late white (side): 
aT tanianta eee eae 388 | 43.9 | 63.9 | 77.3 | 58.7 | 55.6 | 51.0 | 75.0 8} 63.6 
New Zealand.........--- e 868 | 49.9 | 49.3 | 66.3 | 65.9 | 52.5 | 44.0 | 82.5 | 58.6] 60.1 
White Russian ZBis). \lnsoe me 55.8 | 74.9 | 59.0 | 55.5 | 35.2 | 84.0 |-....- 60.7 
18. P. I. No. 5168, similar to Sixty-Day. 2 Probably the same as White Russian. 


The data in Table XV show that the early yellow varieties of the 
Sixty-Day group considerably outyielded all others at Fargo in the 
seven years for which data are available, the Sixty-Day exceeding 
the Big Four, the best of the midseason varieties, by 3.7 bushels, and 
the Tartarian, a late side oat, by 2.7 bushels. While these differ- 
ences are not large enough to be regarded as significant, the yields © 
indicate that in this section of the Red River Valley the early oats 
are at least as good as the midseason and late varieties. The so- 
called ‘‘Seventy-five Day’’ oat, an earlier importation from Russia, 
probably identical with the Sixty-Day, has outyielded the latter 
at Fargo by 8.5 bushels in a 6-year period. o 

Under date of December 7, 1917, Prof. R. C. Doneghue, agronomist 
of the North Dakota station, writes: 


It is my opinion, based on the trials here at Fargo, that the Sixty-Day oats are very 
well suited to the Red River Valley. They stand up very well, yield well and will 


1 Data for 1907 and 1908, from unpublished annual reports of Prof. J. H. Shepperd and Mr. O. O. Churchill, 
formerly collaborator and special agent, respectively, filed in the Office of Cereal Investigations. 
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give fairly good results in quite a wide range of seasons. I consider them one of the 
best varieties for this region. From the standpoint of distributing the harvest season 
over a longer period it might be wise to grow some of the midseason varieties as well as 
the Sixty-Day oats on the farms of the Red River Valley, but I think that Sixty-Day 
or Kherson can be grown on a very large percentage of the farms with profit. 


Results in Eastern South Dakota. 


The annual and average yields of the Sixty-Day and six other 
varieties of oats grown by the South Dakota Agricultural Experi- 
ment Station in cooperation with the United States Department of 
Agriculture at Brookings are given in Table XVI. Data are avail- 
able for the 14 years from 1904 to 1917, inclusive. 


Taste XVI.—Annual and’average yields of the Sixty-Day and six other varieties of oats 
grown at the South Dakota Agricultural Experiment Station (at Brookings) Sung 
seven or more years in the 14-year period from 1904 to 1917, inclusive. 


[Data obtained in cooperation with the South Dakota Agricultural Experiment Station.] 


Yield per acre (bushels). 


Group and variety. fe a : ek 
5|1906]1907|1908|1909]1910]1911/1912/1913)1914|1915|1916|1917| 1904 
i6e3 
Early yellow: 
Sixty-Day Sopa ae ee 165} 69. 6/80. 0/61. 6/24. 4/59. 2/46. 7/28. 7/19. 4/64. 0/90. 0/51. 6)84. 3/72. 0/60. 2) 54. 4 
Midséason white: : 
Swedish Select .....-..-- 134] 70. 0/45. 3/61. 6]24. 1/25. 0/44. 0)29. 0} 4. 7/86. 0/91. 9) 42. 4148. 4/37. 0/51. 6] 48.2 
elon Pn a ponets = Ad 336]128. 0/37. 5]42. 8) 9. 1/26. 8)28. 9/27. 8} 2. 0/86. 5)97. 5/40. 6) (2) |----].--- 38.7 
See et Eee re 160} 54. 7/35. 2/42. 7} 8.1) 2. 5/22. 2/30. 0} 3. 6/98. 1/99. 4/46. 9} (2) |--..]....] 39.7 
Mason ‘Black: 
North Finnish Black. . 174| 65. 0)35. 7/40. 8} 5. 9/20. 6/28. 6/28. 4/10. 9/73. 1171. 5)... .}---.]----]---- 38.0 
Late white (side): 
Wideawake8’_.......--.- 154} 51. 7/24. 1/35. O11. 9/12. 5}29. 7/25. 3) 0. 9). - - -|94. 0}56. 2) (2) }_...)....}..---- 
White Partar= 9-2.--5-2 MAB 2. 41. NS263 NGS t0.4|255812656). 0.0] = ie- | ee se e eleeee ee 
1 Not TSE ae sae grown under unfavorable conditions. 2 Destroyed by hail. 


8 The v ariety is incorrectly named, as the true Wideawake is not a side oat. 


The data presented in Table XVI show that the early yellow 
variety Sixty-Day has outclassed all other varieties at Brookings. 
Its nearest competitor has been the Swedish Select, but the 14-year 
average yield of this variety has fallen 10 bushels below that of the 
Sixty-Day, the average yields bemg 58.1 and 47.9 bushels, respec- 
tively. The Banner, a popular old variety, has been exceeded in 
yield by the Sixty-Day in seven of the eleven years in which both 
were grown. In seven years (1905-1911) the average yield of the 
Sixty-Day (45.7 bushels) was more than double that of the White 
Tartar (20.7 bushels), a late side oat. 


1 Data obtained cooperatively by the South Dakota station and the Bureau of Plant Industry. The 
data previous to 1912 were published by the United States Department of Agriculture (10). 
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Results in Iowa.1 


The annual and average yields of five strains of early yellow 
and thirteen other varieties of oats grown at the Iowa Agricul- 
tural Experiment Station at Ames in cooperation with the 
United States Department of Agriculture during three or more 
years in the 11-year period from 1907 
to 1917, inclusive, are presented in 
Table XVII. 

The data presented in Table XVII 
indicate that the early yellow varie- 
ties, Kherson, Sixty-Day, and selec- 
tions from them, are the most de- 
pendable for Iowa conditions. The 
average yield of the original Kher- 
son in the 11-year period from 1907 
to 1917, inclusive, is 52.9 bushels, as 
compared with similar averages of 
52.4 and 52.2 bushels for Myrick and 
Silvermine, respectively, the two 
highest yielding midseason varieties. 
However, since 1911 Richland, a se- 
lection from Kherson, has consist- 
ently outyielded all others. In- the 
7-year period from 1911 to 1916, in- 
clusive, this selection has exceeded 
the original Kherson by 4.8 bushels, 
and the Silvermine, its nearest com- 
petitor of the midseason varieties, 
by 2.9 bushels in average yield per 
acre. Albion, a white selection from 
Kherson, has not been as promis- 
ing at Ames under central Iowa con- 
ditions, but is much more popular with 
farmers. A panicle and spikelets of 

Early Champion, an early white oat, 
Fic. 6.—Panicle and spikelets of an early 


white variety of oats, Early Champion. are shown 1n figure 6. 


1 Data obtained cooperatively by the Iowa Agricultural Experiment Station and the Bureau of Plant 
Industry. Data for 1907 published in Towa Agr. Exp. Sta. Bul. 96, entitled ‘‘ Oats, Varieties, Seed, 
Smut, Seedbed, Seeding,” by M. L. Bowman and L. C. Burnett, 1908; for 1908 to 1910, inclusive, pub- 
lished in Iowa Agr. Exp. Sta. Bul. 128, entitled ‘Some Data for Oat Growers,’ by L. C. Burnett, 
1912; for 1911 and succeeding years, compiled from unpublished annual reports of L. C. Burnett, agent, 
to the Office of Cereal Investigations. 
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Taste XVIT.—Annual and average yields of the Kherson, the Albion, the Richland, two 
strains of the Sixty-Day, and thirteen other varieties of oats grown at the Iowa Agri- 
cultural Experiment Station (at Ames) during three or more years in the 11-year period 
from 1907 to 1917, inclusive. 


{Data obtained in cooperation with the lowa Agricultural Experiment Station.| 


Yield per acre (bushels). 


Average. 
Group and variety. 


1907 | 1908 | 1909 | 1910 | 1911 | 1912} 1913 | 1914 | 1915 | 1916 | 1917 1907 | 1911 


’ to to 
1917 | 1917 


Early vellow: 


Kherson......-. Pot RE See eee 45.6 |48. 8 135.3 |62.2 138.1 165.6 /62. 8 55.3 |49.1 [53.8 165.0 |52.9 | 55.7 

Albion (lowa No. 103, white) |...--]}-.---]-----|----- 40.6 |538. 7 |63.7 [55.6 {41.6 |46.1 173.7 |... -- 53.6 

Righland (Lowa INO: 105) 9.2. 2|o5- ol... --|- so 5e |e 44,8 183.7 |55. 6 (62.8 |59.3 |53.6 |63.7 |... _. 60.5 

ROEM PAV euven pees raid) metas ain ata = aliisietern 50:0) (ST ZaGMonlmaess| ccd: 22 c|sacos|ee eos s- 22 afaccat oe Balok 

NO Meteais Sans ci seereccrs saree all metre 455.2] SOOn a amesa|eerctoa eerie cre neret-re | cisiezoe |sieeres|Peeae [Loe selaaces 

Early white: 

Early Champion.....----.-..- 29.3 137.5 |24.7 161.9 |85.0 |48.1 |50.6 |48.4 (42.2 /48.7 |68.1 [45.0 | 48.7 

IDE aT Gh ae ee eRe ee eon ae nae eee 38.1 153.7 |81.0 171.2 |50.3 48.1 |50.9 [52.4 81.9 |. _- 55 nb 
Early red: ; 

RU AEE crefcayeare ciniatais ee sare bie crete [in ca =e | =m 43.8 |40.6 j60.6 [52.1 )45.6 [54.7 |55.3 179.4 |____- 55.5 

Red Rustproof (Texas Red) ..|35. 8 |41.9 [32.8 |66.6 | 5.9 168.7 |49.1 |44.7 [54.4 |51.2 |66.2 /47.0 | 48.6 
Midseason yellow: . 

PANO MStCLOlescisares sic dete Sec 19.3 |28.1 |27.5 61.9 |25.5 |56.9 |51.2 |40.3 153.1 [51.5 |65.6 |43.7 | 49.2 
Midseason white: 

IW ancl ee, Se AC See Ose SECs 26. 2 {38.1 |82.5 {91.9 |31.1 191.9 [57.5 [44.1 |61.8 |37. 7 163.1 [52.4 | 55.3 

MULVORIMUINGE Ae. ae =, cee sie le slcle ce 31.5 |36. 6 {31.6 170.6 |36.3 {81.9 160.3 [46.8 |55. 2 |51.7 |71.2 |52.2 | 57.6 

Green Russian....--.-..--.... 36. 2 139. 4 133. 4 |64. 1 131.8 |83. 7 1538.4 45. 7 157.6 [53.6 150. 0 |49.9 | 53.7 

MrisheVietorses ess sos Sol vs2 3.2. 28.0 |33.8 |33. 4 |66. 2 137. 4 179. 4 |57. 2 [43.8 |54.3 146. 7 165.6 |49.6 | 54.9 

Early Gothland....-....-.... 25.0 |33. 7 |35.9 170.6 123.6 |80.0 |62. 8 143.1 160. 7 150.0 |53. 7 149.0 | 53.4 

Sthenianeeetcs tiie c esiaclgte ek 29. 2 136.6 131.9 159. 4 120.5 88.1 [59.4 140.0 159. 8 ]52.1 |53.7 |48.2 | 53.4 

Swedish Select..............-- 32.0 {31.0 |33.1 162. 2 125.5 |75.0 |50. 6 137.6 |44. 8 [43.0 |63. 7 |45.3 | 48.6 
Midseason black: 

VOANCttesa seas see new eats tee 35.6 128. 4 |33.1 160.3 |23.9 |88.7 |50.2 |43.7 |60.6 |52.6 |66.9 |49.5 | 55.2 
Late white (side): 

White Russian..........-..-- 27.1 )25.6 |45.6 160.0 |19. 8 |83.1 |46.6 |44. 4 |52.3 141.4 |35.0 |43.7 | 46.1 


Results in Nebraska. 


The annual and average yields of the Kherson, the Sixty-Day, 
and seven other varieties of oats grown at the Nebraska Agricultural 
Experiment Station at Lincoln (21 and 27) during six or more years in 
the 14-year period from 1903 to 1916, inclusive, are given in Table 
x VIII. 

The data in Table XVIII show that the early red varieties have 
decidedly outyielded both the early yellow and midseason white 
varieties at Lincoln. In the 12-year period from 1905 to 1916, 
inclusive, the Kherson has fallen 7.4 bushels below the Burt and 
5.8 bushels below the Red Rustproof (Texas Red) in average yield 
per acre. In this period the Swedish Select has yielded 3.5 bushels 
less than the Kherson and 10.9 bushels less than the Burt. The 
data show conclusively that the Kherson is better than the mid- 
season varieties in eastern Nebraska where the conditions are simi- 
lar to those at Lincoln, but that the Red Rustproof and Burt are 
superior to it. 
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TaBLeE XVIII.—Annual and average yields of the Kherson, the Sixty-Day, and seven 
other varieties of oats grown at the Nebraska Agricultural Experiment Station (at Lin- 
coli) during six or more years in the 14-year period from 1903 to 1916, inclusive. 


[Data compiled from Nebraska Agricultural Experiment Station Bulletin No. 160 (21).] 


Yield per acre (bushels). 


Average. 
Group and variety. 


1903]1905/1911 
to | to | to 
1916]1916)1916 


~ ee [a ff 


1903]1904|1905}1906/1907|1908]1909]1910}1911/1912)1913)}1914/1915|1916 


Early yellow: 


@TSON a 2 esse sane 68. 0/55. 1/82. 7/36. 4/49. 0)54. 0/67. 2/41. 7/38. 5137. 4/44. 8/69. 7/40. 1/85. 4155. 0/53. 9152. 7 
SIXty-Da yes ease eee 52. 4/51. 8184. 2/40. 7/59. 6} - - - -|60. 3]--- -)----|----|----]---=]--..|----|-- 2} -- of}. 
Early red: 
Red Rustproof (Texas Z 
Red) <3 22s eeee neers 57. 5/40. 6|81. 7/44. 1/42. 5]65. 0)77. 6]53. 1/42. 5/35. 6|60. 3/71. 3/56. 0/87. 1158. 2159. 7/58. § 
BURG ee eas eerie | na rere 85. 5/42. 3/48. 5/64. 3}74. 1/60. 7/38. 2138. 6/61. 4/76. 7/65. 9179. 2). - . ./61. 3/60. 0 
Burt: (Same) Saas se da ee eee | ee eee | 32. 0133. 9/53. 3/63. 9]54. 9185. 5)... .}---- 53.9 
Midseason white: ; 
Swedish Select....-.-.-.. 31. 5]24. 5169. 2)42. 8132. 5/44. 0167. 1/55. 8]41. 2/26. 4/45. 9/60. 7/35. 2/83. 6/47. 2/50. 4/48. 8 
American Banmer...----- 45. 6|31. 8)76. 3/40. 2/31. 0/34. 3/61. 7/51. 9]35. 7/28. 0/33. 9147. 1134. 5/67. 5)44. 3/45. 2/41. 1 
Mincolne = aera aaa eee 22, 8/85. 2/42. 3]28. 5]43. 6/71. 6/51. 8]39. 1/29. 5/40. 3153. 5/30. 7)70. 3]. . - .|48. 9/43. 9 
University, No. 6 (im- 
proved Ligowo)....---]..-- 31. 5/77. 1|34. 6)29. 4|49. 0/68. 0/45. 2/32. 6/25. 9122. 0/49. 1/31. 0/66. 3]. . . -|44. 2/37. 8 


Results in Eastern Kansas. 


The annual and average yields of seven early yellow and five other 
varieties of oats grown at the Kansas Agricultural Experiment Sta-. 
tion at Manhattan during five or more years in the 10-year period 
from 1908 to 1917, inclusive, are shown in Table XIX. 


TasLe XIX.—Annual and average yields of seven early yellow and five other varieties of 


oats grown at the Kansas Agricultural Experiment Station (at Manhattan) during five 
or more years in the 10-year period from 1908 to 1917, inclusive." 


[Data obtained in cooperation with the Kansas Agricultural Experiment Station. ] 


Yield per acre (bushels). 


Kan- Average. 
Group and variety. No EUS So a eM 
1908 1909} 1910} 1911) 1912)1913]1914/1915)1916)1917 1908] 1908 and |1911 


to | 1909, 1911] to 
1917} to 1917. |1917 


Early yellow: 
Kcherson = )5s-6e aoe ee 5034/28. 160. 5/55. 4/18. 0/45. 5/13. 2/27. 1/40. 2/50. 8/47. 8/38. 7 36. 8 34.7 
Do... 2 eae 6021)... .)....]48. 5/18. 2/41. 3/16. 9134. 5/45. 0151. 7/50. 6]... -|..-...-.-- 36.9 
Sixty-Day (Sel. 5009)..........| 6014)....|....]....]17. 9/49. 7] 5. 8124. 2/42. 2)... _|__..|...-].-..-..... 
Sixty-Day (Kans.)....-....... 5009|23. 6/69. 7/54. 5)14. 4/52. 6/11. 7/29. 1/37. 8/51. 9}51. 7/39. 7 38. 1/35. 6 
Sixty-Day (Ind.)2_...__......- 5043]. - . .|85. 8/62. 8/18. 2/54. 3/10. 4/26. 2/27. 5147. 9)... .J...-|---------- ae 
Sixty-Day (N. Dak.)2......... 5044)... ./88. 5]/59. 3/15. 7/45. 4/11. 2/31. 9/23. 1/48. 3}... ]...-|---------- 
Seventy-five Day------....1.. 5104)... .|58. 9)... .|23. 9}42: 2/13: 7/30.,7|40: 45-4) Soci erciees 222-122: 
Early red: 
Burt (C. I. No. 293). -.....-... 5020) 41. 9)64. 9}... .|18. 0/45. 3/12. 9/32. 7/46. 3/56. 1/61. 5)... - 42. 2/39.0 
Red Rustproof (Texas Red)...| 5031/45. 8/43. 0|__. .)17. 2/63. 2/10. 4/18. 1/33. 9/42. 0/49. 5}... 39. 9/33. 5 
D) Osco cst eae ae eee 5015|37. 5/63. 7]... .|14. 1/56. 8/16. 1/40. 3/38. 4/53. 5)57. 6)... 42.0)/39.5 
Red Algerian. i 1's ae 5105)... ./56. 2)... .|17. 7/59. 6/18. 3/34. 7/38. 7/60. 6/56. 6]... .].....-..-- 40.9 
Midseason white: 
Green Russians is26e sn ssee 5122-2 |-. 157.516) 4150 1-6, 31822 6launoi 44.4 pond) sees eee =o 35.3 


1 Data from unpublished annual reports of Prof. W. M. Jardine, formerly collaborator, to the Office of 
Cereal Investigations. 
2 Data from trilocal experiments. 
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The data in Table XIX show that for eastern Kansas the Kherson 
and Sixty-Day are close competitors of the Burt, Red Rustproof, 
and other early red varieties. In the nine years, 1908, 1909, and 1911 
to 1917, inclusive, the average yield of the Sixty-Day was 38.1 bushels 
and that of the Burt 42.2 bushels In the 7-year period from 1911 
to 1917, inclusive, the Kherson strain, Kansas No. 6021, has fallen 
about 4 bushels below the Red Algerian, but has outyielded the 
Green Russian, the only midseason white variety included in the 
tests, by about 1.5 bushels. 
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Fie. 7.—Diagram showing the average yields, in bushels per acre, of the highest yielding variety of cach 
of several groups of oats at eight experiment stations in the west north-central section during the periods 
of years indicated. 


Conclusions. 


The average yield of the leading variety in each group at the 
stations included in the west north-central section is shown graph- 
ically in figure 7. 

In general, Kherson and Sixty-Day oats have yielded as well as or 
slightly better than other varieties in this section. 
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At the agricultural experiment station at St. Paul, in eastern 
Minnesota, early varieties have yielded equally as well as the best 
midseason varieties. At the Crookston substation in northwestern 
Minnesota the midseason varieties have outyielded the early varie- 
ties, Kherson and Sixty-Day. White Russian, a late side oat, pop- 
ular in this section, however, has not exceeded the early varieties in 
average yield at this station. Two years’ results at the Grand 
Rapids substation in north-central Minnesota favor the early varie- 
ties, but additional data are necessary before more definite conclu- 
sions can be drawn. 

Early varieties of the Sixty-Day type have slightly exceeded the 
leading midseason varieties in average yield per acre at the agri- 
cultural experiment station at Fargo in the Red River valley in 
southeastern North Dakota. 

At the agricultural experiment station at Brookings, in eastern 
South Dakota, Sixty-Day oats have decidedly outyielded all others 
and are to be strongly recommended. 

At the agricultural experiment station at Ames, in central Iowa, 
early varieties of the Kherson or Sixty-Day type have yielded better 
than the best midseason varieties. During the past seven years 
Richland, a short-strawed yellow oat, selected from Kherson, has 
- consistently outyielded all others. Albion (lowa No. 103), a white . 
selection from the Kherson, is very popular in the State. 

At the agricultural experiment stations at Lincoln, Nebr., and 
Manhattan, Kans., the early red varieties, Burt and Red Rustproof, 
have yielded considerably better than the Kherson and Sixty-Day. 
The early yellow varieties have outyielded the midseason varieties 
and are the next best to grow in eastern Nebraska and Kansas. 

RESULTS IN THE LOWER MISSISSIPPI VALLEY. 


The section here designated as the lower Mississippi Valley includes 
Kentucky, Tennessee, Mississippi, Louisiana, Arkansas, southern 
Missouri, southeastern Kansas, and the eastern or more humid por- 
tions of Oklahoma and Texas. 

The spring oat crop in this section of the United States is not an 
important one, and consequently very little experimental work has 
been done with it. The State agricultural experiment stations of 
Tennessee, Arkansas, and Missouri have reported some varietal ex- 
periments with Kherson and Sixty-Day oats. In some cases, com- 
parisons have been made with fall-sown varieties. 

The Tennessee Agricultural Experiment Station at Knoxville grew 
the Kherson variety during the five years from 1908 to 1912, inclu- 
sive, in comparison with winter oats as well as with other spring 
varieties. During the four years, 1910 to 1913, inclusive, the Missouri 
Agricultural Experiment Station grew the Kherson and a number 
of other varieties near Carthage (Jasper County), in southwestern 
Missouri. 
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Varietal experiments including the Sixty-Day oat were conducted 
by the Arkansas station at Fayetteville during the 5-year period from 
1909 to 1913, inclusive. 

During the six years from 1904 to 1909, inclusive, the United 
States Department of Agriculture, in cooperation with the Kansas 
Agricultural Experiment Station, conducted varietal experiments 
with oats at McPherson, Kans. Several early yellow varieties were 
included in these experiments. No results of varietal experiments 
with oats have been published by the Oklahoma station. Three 
years’ results of varietal experiments with oats have been reported 
by the Denton (Tex.) substation. 


Results in Tennessee. 


The annual and average yields of the Kherson and three other varie-_ 
ties of oats grown at the Tennessee Agricultural Experiment Station 
(28) during two or more years in the 5-year period from 1908 to 1912, 
inclusive, are presented in Table XX. 


TaBLE XX.—Annual and average yields of the Kherson and three other varieties of oats 
grown at the Tennessee Agricultural Experiment Station (at Knoxville) during two or 
more years in the 5-year period from 1908 to 1912, inclusive. 


[Data compiled from Tennessee Agricultural Experiment Station Bulletin 112 (28).] 


Yield per acre (bushels). 


Group and variety. Average. 


1908 1909 1910 1911 1912 
1911 and} 1908 to 
1912 1912 

Early yellow: 
; ACH ONSON sem 'a cx aisicc cacnisiecs cn 29.5 26. 4 43.2 12.6 44,3 28.5 31.2 
Early red 

PS UBUeee ee moa ence scence Wises 20.2 45.6 14.9 47.7 31.3 31.1 

3 Red Rustproof!............ 20.7 23.3 32.7 12.8 45.2 29.0 26.9 

Winter: 

GMI DOlSOMmr tates ecee ecice|| «sce eccce |nacunceiva| casacisiemels 21.1 50.8 3650) occ Gaccee 


1 This variety is grown from both spring and fall seeding in the South. 


Table XX shows that in the 5-year period from 1908 to 1912, in- 
clusive, the Kherson outyielded both the Burt and the Red Rust- 
proof, though exceeding the Burt by only 0.1 bushel. However, in 
1911 and 1912 the Culberson, a winter variety, decidedly outyielded 
all spring-sown oats. Additional data obtained with winter varieties 
in other years than those for which data are given in Table XX show 
that in general winter oats are superior to spring oats for growing in 
most sections of Tennessee. 


Results in Southwestern Missouri. 


The annual and average yields of the Kherson and five other varie- 
ties of oats grown near Carthage, Mo. (18), during the 4-year period 
from. 1910 to 1913, inclusive, are shown in Table XXI. 
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Taste XXI.—Annual and average yields of the Kherson and five other varieties of oats 
grown near Carthage, Mo., by the Missourt Agricultural Experiment Station auring 
the 4-year period from 1910 to 1918, inclusive. 


[Compiled from Missouri Agricultural Experiment Station Bulletin 123 (18).] 


Yield per acre (bushels). 
Group and variety. 


1910 1911 1912 1913 Average. 
Early yellow: ° : : 
Kh erson soe Saas aera csc ets oe ae ees eee onde 55.5 11.3 14.8 15.9 24.4 
Early red: : 
Red Rustproof (Texas Red).-.....--..--.-.------ 57.5 11.3 17.5 11.7 - 24.5 
Midseason white: 
Swedish Select................----------- Se See 59.0 5.6 16.6 8.0 22.3 
TANGO N eee sconce Se aie eae oe Ree ss Seite 66.8 7.0 13 9.0 23.5 
Midseason black: . 
Wil CO esi nas ea noe Ses oe eee 52.6 8.4 11.9 thouks 20.2 
Late white (side): 
White Mantates sonst Soe scs cea cee ee oee neers 64.8 8.4 20.8 6.9 25.2 


The data shown in Table XXI are not conclusive. Though the 
Kherson has yielded as well as any other variety at Carthage, more 
data are needed before the most desirable varieties for growing in 
southwestern Missouri can be named definitely. 


Results in Arkansas. 


The annual and average yields of the Kherson, the Sixty-Day, 
and six other varieties of oats grown at the Arkansas Agricultural 
Experiment Station at Fayetteville (80) im the five years from 1909 
to 1913, inclusive, are presented in Table XXII. 


TaBLeE XXITI.—Annual and average yields of the Kherson, the Sixty-Day, and six other 


varieties of oats grown at the Arkansas Agricultural Experiment Station (at Fayetteville) 
during the 5-year period from 1909 to 1913, incluswe. 


[Data compiled from Arkansas Agricultural Experiment Station Bulletin 118 (30).] 


Yield per acre (bushels). 


Group and variety. ToS ea 
1909 1910 1911 1912 1913 Averaze. 
Early yellow: 
Kalter somite eae es see ae Pile 7 60. 0 28.1 17.3 29.5 Biee 
SixlysD aye car otek es ceiae jwise eee 29.3 47.0 26.2 18.5 30. 0 30. 2 
Early white: 
Maubeneye.asrilnateeeesmsees acck essere 31.8 60.5 25.7 15.7 35.6 33.9 
Hatlhy,Chaniplon=sseee tee eeeesen eee e ee 29.3 56. 0 38. 4 15.0 29.5 33.6 
Early eds 
Burt. ceeeee ee cee poe Cee eee 19.5 63.5 37.9 22.0 38.9 35.4 
Red. Rustproow gases See eee 26.8 72.8 26. 0 24.6 22.4 34.5 
Winter: 
Winter Turf (Winter Gray)......----- 26.5 48.2 (1) 43.3 41.2 31.8 
Winter: Durii ise een eee ceeen ee 32.2 54.0 @) 43.5 38.2 33.6 
1 Winterkilled. 


According to the data shown in Table XXII both the early red 
and the early white varieties have outyielded the Kherson and 
Sixty-Day at Fayetteville. The one best variety has been the Burt, 
which has outyielded the Kherson by slightly more than 5 bushels 
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‘on the average in the 5-year period from 1909 to 1913, inclusive. 
The Winter Turf from fall seeding also has exceeded the Kherson and 
Sixty-Day, even though one crop was entirely lost by winterkilling. 


Results in Kansas. 


The annual and average yields of the Sixty-Day, the Seventy-five 
Day, the Kherson, and seven other varieties of oats grown at 
McPherson, Kans. (12), in four or more years in the 6-year period 
from 1904 to 1909, inclusive, are shown in Table XXIII. 

Taste XXITT.—Annual and average yields of the Sixty-Day, the Seventy-five Day, the 


Kherson, and seven other varieties of oats grown at McPherson, Kans., during four or 
more years in the 6-year period from 1904 to 1909, inclusive.' 


[Data obtained in cooperation with the Kansas Agricultural Experiment Station.] 


Yield per acre (bushels). 


Group and variety. oe IGA 
’ 
1904 1905 1906 1907 1908 1909 
1906 to | 1904 to 
1909 1909 

Early yellow: ; * 

DESH VE OAV cee as aac s incon = 165 44.9 33.8 43.5 4.7 49.1 53.0 37.6 38. 2 

Seventy-five Day ?2--.-.. DOM sera a-o\s.2/= | aerate 351.2 4.9 39.5 50.8 BORO esse se 

{G0 ee ASO M Gere... =| Sees (4) 6.7 41.2 AON Oe he eee (esc kine las 
Early white: 

PGnlenrelsaioe sts = scene ROM oe asc alae eee 50. 2 6.3 of. 7 43.1 Ba Or lee a cicteroe 
Early red: 

Red Algerian............ 286 29.4 | 430.7 42.0 5.3 37.1 44.5 32. 2 31.5 

IBUEtessee ec secek deseo 293 40.7 27.5 42.2 3.4 34.1 38.3 29.5 31.0 

Georgia Rustproof....-... AGIs a= aes «= - bos see 50. 5 8.1 31.6 48.1 34.6) | Seach s 
Midseason white: 

(Gaindirame eee! Fone 444 |. Ll... 28.8 37.3 3.6 16.3 Sp ll 22! Ou|sekeee<s 

AMISH Bee eater aos cals ale ara BAN Ee cae 26.9 42.4 2.3 16.3 22.8 ZleO Md eee 

Late white (side): 

Wihite Dartart soso s.ce (oe eee 36.9 44,2 4.7 23.4 34.9 ZO) |sieyeriee = 

| 


1 Data previously published in U. S. Dept. Agr., Bur. Plant Indus. Bul. 240 (12). 
2Similar to Kherson and Sixty-Day. 

3 Yield corrected, or average of two or more plats. 

4 Yield not comparable. 


The data in Table XXIII show that the early yellow varieties 
considerably outyielded all others at McPherson. Their nearest 
competitor was the Georgia Rustproof, a strain of Red Rustproof. 
The Perm, a slightly later oat from a more northerly district in 
Russia, averaged about 3 bushels less than the Sixty-Day. The 
Seventy-five Day, which, as previously noted, probably is identical 
with the Sixty-Day, averaged 1 bushel less in a 4-year test. The 
Sixty-Day exceeded the midseason and late oats by about 50 per 


cent. 
: Results in Northeastern Texas. 


Varietal experiments with Sixty-Day and several other varieties 
of oats were conducted by the Texas Agricultural Experiment Sta- 
tion at the Denton substation, near Denton, Tex. (13, p. 9-10), 
during 1912, 1913, and 1914. The results of these experiments are 
summarized in Table XXTV. 
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The data in Table XXIV show that the Sixty-Day i in the three 
years, 1912, 1913, and 1914, was outclassed only by the Red Rust- 
proof, the sion dard oat variety for that section. The average yields 
were 38.4 and 41.4 bushels, respectively. The Burt also has been 
a close competitor of the Sixty-Day. It is believed that the early 


Fig. 8.—Panicles and spikelets of two early red varieties of oats; 1, Red Rustproof; 2, Burt. 


varieties, such as Sixty-Day and Burt, are particularly valuable for 
late seeding and dry seasons in the Denton district. Fall-sown Red 
Rustproof yielded about the same as it did from spring seeding. 
Typical panicles and spikelets of the Red Rustproof and Burt varie- 
ties are shown in figure 8. 
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Taste XXIV.—Annual and average yields of Sixty-Day and five other varieties of oats 
grown at Texas substation No. 6 (at Denton) in the years 1912, 1913, and 1914. 


[Data compiled from Texas Agricultural Experiment Station Bulletin No. 199 (13, p. 9-10).] 


Yield per acre (bushels). 


Texas |__ 


Group and variety. No 
1912 1913 1914 | Average. 

Early yellow: 

NSU ID RS gis ce ee ee ee Ce 430 70.0 33. 4 11.8 38. 4 
Early red: 

Red pe enpo0! 2 Se hes RS A i 636 51.1 49. 8 23.3 41.4 

CROW =» Se) ihe ae eT 433 42.7 45.3 20.1 36.0 

Nineiy- 1) EN 22/3 oS CRE GOR a OSE Ee 434 38. 0 49.1 19.4 35. 5 

RIGCMIDORI ATE oom ee ee ee luk ls... cone 432 38. 8 34.4 24.7 32.6 

REOOPOUP OAT E MER See neces ic cs cece cece aee 431 82.5 34.4 25.7 30.9 

Conclusions. 


The average yield of the leading variety in each group at the 
stations included in the lower Mississippi Valley is shown graph- 
ically in figure 9. 
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Fic. 9.—Diagram showing the average yiclds, in bushels per acre, of the highest yielding variety of cach 
of several groups of oats at five aericultural experiment stations in the lower Mississippi Valley durirg 
the periods of years indicated. 

In general, oat growing, particularly from spring seeding, is not 
important in the lower Mississippi Valley. The best oat to sow in 
this section, whether in the fall or in the spring, is the Red Rust- 
proof. The next best variety for spring seeding probably is the 
Burt, and next to this ranks the Sixty-Day, or tsar The Sixty- 
Day type is not extensively grown in this section, and comparatively 


few experiments including varieties of this type have been reported. 
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VARIETAL EXPERIMENTS IN THE WESTERN HALF OF THE UNITED 
STATES, 


In recent years the Kherson and Sixty-Day oats have been included © 
in humerous varietal experiments conducted in the western United 
States. Because of the rapid agricultural development which is now 
taking place in this region, there is a great demand for information 
on the different varieties of the more important grain crops. In 
consequence, rather extensive varietal experiments with oats have 
been conducted at numerous stations and the results reported from 
time to time. Results from 25 experiment stations and farms located 
in 12 States are presented in this bulletin. 

This portion of the United States, including those States from 
which no experiments with oats have been reported, may be divided 
as follows: The northern Great Plains area, the- southern Great | 
Plains area, and the western Great Basin and coast areas. The few 
results available from experiments conducted under irrigation also 
are reported. The general physical data will be discussed separately 
for each of these three subdivisions. 

The experiments at Hays, Kans.; Newell, Highmore, Cotton- 
wood, and Eureka, S. Dak.; Williston and Dickinson, N. Dak.; 
Moccasin, Mont.; Nephi, Utah; Aberdeen, Idaho; and Burns and 
Moro, Oreg., have been conducted cooperatively by the United 
States Department of Agriculture and the State agricultural experi- 
ment stations of those States, respectively. At other stations the 
agencies cooperating with the United States Department of Agri- 
culture have been as follows: Amarillo, Tex., Amarillo Chamber of 
Commerce; Akron, Colo., and Mandan, N. Dak., Office of Dry-Land. 
Agriculture Investigations; Archer, Wyo., Wyoming Board of Farm 
Commissioners; and Chico, Calif., Office of Foreign Seed and Plant 
Introduction. "The experiments i North Platte, Nebr.; Edgeley 
and Langdon, N. Dak.; Reno, Nev.; Bozeman, Mont. ; Goole 
Idaho; Pullman and ena lee, Wash., have been son ote inde- 
somdlenile by the respective State serotlaral experiment stations. 


RESULTS IN THE NORTHERN GREAT PLAINS AREA. 


The Great Plains area comprises the great extent of gently sloping — 
plain lying between the 98th meridian and the foothills of the Rocky 
Mountains. The northern Great Plains area includes the semiarid 
portions of Nebraska and the Dakotas west of the 98th meridian and 
also northeastern Colorado, eastern Wyoming, and eastern Montana. 

Varietal experiments with the Kherson and Sixty-Day oats and a 
large number of other varieties have been conducted under dry-land 
conditions at 13 experiment stations in this section during periods 
varying from 2 to 12 years. The stations are as follows: Moccasin, 
Mont. ; Williston, Dickinson, Mandan, Edgeley, and Langdon, N. Dak. ; 
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Newell, Cottonwood, Eureka, and Highmore, 5S. Dak.; North Platte, 
Nebr.; Archer, Wyo.; and Akron, Colo. 

The climate of this section is generally semiarid. It is charac- 
terized by low precipitation and high summer temperatures. Table 
XXV shows the altitude, the normal annual and seasonal precipita- 
tion, the mean temperatures for June, July, and August, and the gen- 
eral soil type at each of the 13 stations included in the section under 
consideration. 


Taste XXV.—Altitude, average annual and seasonal precipitation, mean seasonal 
temperatures, and general soil types at 13 experiment stations in the northern Great 
Plains area. 


[The circled figures in columns 6, 7, and 8 indicate the number of years during which the data were recorded 
when such period wi was less than Be number of years indicated in column 3.] 


Climatological data. 


Alti Average pre- Mean tomperatune eee 
Station. z cipitation. Se General soil type. 
Station tude. | Length p GE) yp 
of = 
recor : 
-| An- | Sea- Au- 
nual. |sonal.1 June. | July. gust. 
1 2 3 4 5) 6 7 8 9 
Feet. | Years. | Inches.) Inches. 

-Moccasin, Mont ....--..- 4, 228 19 | 16.82 | 10.94 | @58.0 | @63.0 | @63.0 | Dark clay loam.” 
Williston, Nee) ales ase. le S75 33 | 14.90 | 10.43 | @ 63.0 | @68.6 | @66.8 | Fine sandy loam. 
Dickinson, IN. Dak. --2..| 2,543 25 | 15.85 | 11.19 | @61.0 | @68.1 | @67. 2 Clay loam to fine sandy 

oam. 

Mandan, N. Dak.......-. 1,750 234 | 17.50 | 11.71 63. 4 69.3 67.6 | Sandy loam. 
Langdon, N. Dak...-..-. 1,615 BAL} 165837 OSU bss sors |r oc | eee Black clay loam. 
Edgeley, N. Dak .......- 1, 468 A17s| 20: 25 Remon tes ere ceee cee ee eee Light sandy loam. 
Newell, S. Dak.........-] 2,950 9 | 13.98 | 8.68 65. 0 72.0 69.0 | Sticky clay (Pierre). 
Cottonwood, §. Dak... 2,414 Ce Bayan) 2) (0) RR col beceneeel Bearocere Do. 
Eureka, 8. ake ee seeies 1, 884 (hale sesh) Sb-01. Geeeeeael Soserasal socecass Glaciated sandy loam. 
Highmore, S. Dak. 1, 890 22 | 16.75 | 10.66 67.7 72.9 71.4 | Glaciated clay loam. 
North Platte, Nebr. Babee ig? 826 35 | 18.74 | 11.14 | @68.0 | @72.2 | @72.1 | Loess. 
Areher, Wy0-...,------- 6,027 639 | 13.80 | 7.92 61.0 67.0 65.9 | Medium sandy loam 

| with some gravel. 
Ver Ome COlO= so 325 2: | 4.560 13 | 19.13 | 11.90 | @65.0 | @71.0 | @69.0 | Sandy loam. 

| 


1 For months of March to July, inclusive, at Akron, Colo., and Newell, S. Dak.; April to July, inclusive, 
at Archer, Wyo.,and North Platte, Nebr., and April to August, inclusive, a at Mandan, Edgeley, Dickinson, 
Williston, and Langdon, N. Dak., Cottonwood, Eureka, and Highmore, 8. Dak., and Moccasin, Mont. 

2 Data recorded at Bismarck, N. Dak., about 4 miles east of Mandan; altitude at Bismarck, 1,674 feet. 

3 Data recorded at Woodbridge, about 24 miles northwest of Langdon, 

4 Data recorded at Berlin, about 12 miles east of Edgeley; altitude at Berlin, 1,470 feet. 

5 Data recorded at Cheyenne, Wyo., 8 miles west of Archer; altitude at Cheyenne, 6,088 feet. 


As shown in Table X XV there is much variation in the altitude at the 
different stations. Edgeley, N. Dak., is the lowest, with an elevation 
of 1,468 feet, and Archer; Wyo., the highest, with an elevation of 
6,027 feet above sea level. 

The average annual precipitation does not exceed 21 inches at any 
of these stations. Archer, Wyo., has the lowest precipitation, 13.80 
inches. At all stations more than half the precipitation occurs during 
the late spring and summer months, or during the growing season, 
when it is most needed by the oat plant. 
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Results in Montana.a 


The Kherson and Sixty-Day varieties have been included in the 
cooperative varietal experiments on the Judith Basin substation at 
Moccasin, Mont., since work was begun there in 1908. A selection of 
the Sixty-Day was added in 1910. The following year two more 
selections of the same variety were included, and in 1916 two selec- 
tions from Kherson, Albion (lowa No. 103) and Richland (lowa No. 
105), were added. The annual and average yields of three strains of 
the Kherson, four strains of the Sixty-Day, and four other varieties 
of oats grown at Moccasin during two or more years of the 10-year 
period from 1908 to 1917, inclusive, are shown in Table XXVI. 


TaBLE XXVI.—Annual and average yields of seven strains of Kherson and ‘Sixty-Day 


and of four other varieties of oats grown at the Judith Basin substation, Moccasin, 
Mont., during two or more years in the 10-year period from 1908 to 1917, inclusive.' 


[Data obtained in cooperation with the Montana Agricultural Experiment Station.] 


Yield per acre (bushels). 
s | 
£3e. 
Average. 
Group and variety. : Ce x 
1908|1909 1910 1911/1913|1914| 1915 |}1916)1917} 1908 to 1913/1908 
1911 and 
1913 to | jo17/1911 
1917 
Early yellow: : 
KH ers Oni: Me22.4 eins CREE ay oes 459 |20. 5/80. 6/32. 0/67. 5/68. 4/59. 0} 90. 0]58. 0/25. 0 55. 7 |60. 1/50. 2 
Sixty-Days 2G Reie iawn 165 |20. 5/84. 4/33. 0|71. 2175. 3/69. 0| 93. 7/59. 0/28. 4 58. 3 163. 1/52. 3 
Sixty-Day selection -...- ee Bea ae PB) |o2 cllsoa- 29: 5/58. 778. 4156. 2) 88. 4ye 5 | eee e ees oe 
HDX 0 epee tes Were eh erase WG 2 wcllosse ...-|53. 7/80. 0/56. 0} 95. 6/59. 7/24. 4)..--.-.--- 63.1 
Pry DX 0 Yeager sya en are ee eae rae 8 Og | eek | Se 68. 1/78. 4/57. 2) 94. 0/63. 6]... .|---------- 
Albion (Lowa No. 103, white). ---.- Tells oleae VTE es |e Pena aan 402329 O|b-- sos: 
Richland (Lowa No. 105)..-...--.. Ub GGesleees ee Pie ipod omelet Zee PER PalGnossescon Bliseee 
Harly white: } ; : 
Wardhy ClnewaajoNOeeseoesseoeaseess|oacoue NOOSA B57) (@) edocllesceilb- sc Ge Sa (coped caesar eeees| 2050 
Midseason white: 
WD amiss: 3) Serco LCRA oe eee 441 |20. 0/76. 8/23. 6} (2) |56. 2/47. 3/100. 0/59. 4/25. 3} ° 45.4 157. 6/30. 1 
Swedish Select ....-.-...-..-.--..- 134 |15. 0/77. 0/22. 3) (2) |53. 1/50. 0)108. 0/65. 7/22. 5 46.0 |59. 9/28. 6 
Late white (side): 
aWalhitie Rartar se) verre 300 |18. ee BILE. O02) |e ee |e | eee re 24.7 


1Crop destroyed by hail in 1912. : 
2 Made second growth during rainy weatherin August; not ripe when first frost came. 
Reference to Table XXVI shows rather conclusively that the 
early varieties, Kherson and Sixty-Day, outyielded all other oats at 
Moccasin. The difference in yield in favor of these varieties over 
the midseason varieties is more than 10 bushels on the 9-year average. 
The Early Champion, an early white open-panicled variety, and the 
White Tartar, a late side oat, grown from 1908 to 1911, yielded 
much less each year than the Kherson and Sixty-Day. The two | 
pure-line selections of Sixty-Day (C. I. Nos. 626 and 789) slightly 
exceeded the unselected Kherson and Sixty-Day in average yield. 


a Data compiled from U.S. Department of Agriculture Bulletin 398 (14), and from unpublished annual 
reports of Mr. N. C. Donaldson, formerly scientific assistant in charge of cereal experiments at the Judith 
Basin substation, to the Office of Cereal Investigations. 
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Neither the Albion nor Richland, the two selections from Kherson, has 
yielded so well in the two years in which they have been tested as 
the original Kherson and Sixty-Day. 


Results in North Dakota. 


RESULTS AT WILLISTON.! 


The Sixty-Day oat has been included in the varietal experiments 
at Williston since 1908, while the Kherson has been grown only 
since 1914. Two selections from Kherson, Albion (Iowa No. 103) 
and Richland (lowa No. 105), were added to the tests in 1916. The 
annual and average yields of these and six other varieties which 
have been grown three or more years in the 10-year period from 
1908 to 1917, inclusive, are presented in Table XXVIT. 

Tasre XXVIT.—Annual and average yields of the Sixty-Day, Kherson, and eight other 


varieties of oats grown at the Williston (N. Dak.) substation during two or more years 
in the 10-year period from 1908 to 1917, inclusive. 


[Data obtained in cooperation with the North Dakota Agricultural Experiment Station.] 


Yield per acre (bushels). 
Average. 
Group and variety. Gal: 
fi 5 
No. |1908| 1909 |1910|1911| 1912 |1913] 1914 | 1915 | 1916 |1917 1908|1914!1916 
to | to jand 
1917|1917|1917 
Early yellow: x 
Sietiys Dayan foe oie ek _ 165/28. 8] 76.3} 4. 2/11. 2| 50. 3/45. 0} 82.2! 85.1) 78. 8/44. 3/50. 6/72. 6/61. 6 
HENSON eee gaa thie ek ee 4501). 3 sae | sbelleded Genes ----| 78.9} 80.4} 90. 1/49. 0}... .|74. 669. 6 
Albion (Iowa No. 103, white)...) 729)....|..--- aoe eee eae ocelleciae deese 89. 4/50. 6]... .|---.|70. 0 
Richland (Iowa No. 105)-....... (Si\a-ce |e » 56) Seee beer Sip s||bmonslisnges, 83. 8/43. 4|.. -|63. 6 
Midseason white: I 
Abundance (N. Dak. No. 966)..} 731/31. 3) 91. 1/12. 5) 7. 7/104. 7/93. 4/123. 9] 99. 4/103. 2/47. 5171. 5193. 5'75. 4 
Lincoln (N. Dak. No. 48)...... 738|32. 1| 96. 2/15. 6| 7. 0/101. 384. 5|124. 3) 99. 1/101. 9/45. 6/70. 8/92. 7/73. 8 
Silvermine (N. Dak. No. 723). . 714|37. 4/103. 3/14. 8) 7.3} 95. 7/67. 5|120. 7/100. 0/101. 9/46. 6/69. 5/92. 3/74. 3 
Siberian (N. Dak. No. 864)..... 741|29. 0/104. 1/10. 9} 5. 1/106. 9|79. 4|116. 4) 94. 7| 95. 1/44. 4168. 6/87. 7/69. 8 
Swedish Select................- 134/28. 4) 86.0] 7.8] 9.9] 84. 4/68. 8) 97.3/101. 7} 97. 8/41. 8/62, 4/84. 7/69. 8 
Late white (side): 
White Russian (N. Dak. No. 51) 732/23. 0| 70. 8|13. 0) 2. 9/120. 6/80. 3/102. 0| 86. 4) 78. 8/36. 9/61. 5/76. 0/57. 9 


The results given in Table XXVII show that the Sixty-Day and 
Kherson do not yield nearly as well at Williston as the later or mid- 
season varieties. The best of the midseason white varieties have 
decidedly outyielded the Kherson and Sixty-Day and therefore are 
to be recommended. In the 10-year period from 1908 to 1917, 
inclusive, the four highest yielding varieties of this group, viz, Abun- 
dance, Lincoln, Silvermine, and Siberian, have averaged 71.5, 70.8, 
69.5, and 68.6 bushels, respectively, as compared with 50.6 bushels 
for the Sixty-Day. A strain of the White Russian, a late side oat, 
has also outyielded the Sixty-Day by about 11 bushels. 


1 Data from U.S. Department ef Agriculture Bulletin 270 (4), 1915, and from annual reports of Mr. 
F. Ray Babcock, formerly scientific assistant in charge of cereal experiments at the Williston sub- 
station, to the Office of Cereal Investigations. 
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RESULTS AT DICKINSON.@ 


The Kherson and Sixty-Day oats have been included in the cooper- 
ative experiments at Dickinson since they were begun in 1907. 
Two selections from Kherson, Albion (lowa No. 103) and Richland - 
(Iowa No. 105), were added to the experiments in 1916. The 
annual and average yields of these and of ten other varieties of oats 
grown at Dickinson for two or more years in the 11-year period from 
1907 to 1917, inclusive, are presented in Table XXVIII. 


TaBLE XXVITI.—Annual and average yields of the Kherson, Sixty-Day, and ten other 
varieties of oats grown at the Dickinson (N. Dak.) substation during two or more years 
in the 11-year period from 1907 to 1917, inclusive. 


[Data obtained in cooperation with the North Dakota Agricultural Experiment Station.} 


Yield per acre (bushels). 


: C1 /| Average: 
Group and variety. N a 
1907|1908|1909|1910} 1911 | 1912 | 1913 }1914! 1915 |1916)1917 19071911 1916 
0 | to jand 
1917,1917;1917 
Early yellow: . : 
OH eTSON Este shea see Eee 459} 75. 3/48. 1/81. 3/46. 2| 16. 7] 50.9] 45. 0/26. 5) 92. 5.66. 8/12. 5/51. 1/44. 439. zu 
Sixty=D ayes eee eee 165/58. 2/37. 2)... ./45. 0) 22. 8| 42.2) 42. 2/23. 0/104. 0/74. 3/12. 0)... .|45. 8/43. 2 
Albion (lowa No. 103, white). 29 hee S ess 2c =| soa ees (eee eee SPA | eae 165. 8|14. 1 .---/40.0 
Richland (lowa No. 105).... AS Gata ecee oo — c's cee See eee eee Cale See 73. 6|15. 3 ..-/44.5 
Midseason yellow: ; 
Goldentkiain@aeee sas sss 493'35. 2/52. 8/82. 2/35. 6} 14. 4! 62.8] 70. 9!20. 0/129. 3/66. 8/18. 0/53. 5/54. 6/42. 4 
Golden Beanty----2-----2-- 169 esal ee 2 -|5es =| ae albe eee paar 76. 3/25. 2)121. 2/71. 0/20. 2)... -|.---|45.6 
Midseason white: F - : 
Banneneee ss ec Saee ene 160-46. 8/41. 6/89. 4] (2) | 6.2} 65.0) 48. 1/17. 7/117. 8/54. 3/17. 6/45. 9/46. 7|36. 0 
Swedish Selecteer eres eee 134/46. 9]... .|81. 3)38. 1] 5. 6]252. 3] 61. 9/16. 8/101. 5|75. 0/21. 6) - . - -/47. 8/48. 
WVictorye 2 s- 560 42. 5/88. 3] (1)| 8.9} 59. 4! 70. 6/18. 6/123. 9/79. 2/22. 2 eal 
Big Four 658 35. 3/84. 7) @) | 7.9} 60. 2) 65. 6/29. 3/109. 8/75. 7/19. Bi 
Silyenmine seeps 659 .--|64.1] (2) | 8.1] 55. 8] 66. 9/17. 3/117. 3)78. 3 2 2 
Early Mountain No. 2. -| 656).-..|....]..-.] @) |211. 3] 58. 6467. 3/24. 8/105. 3/74. 7 =o 
Siberian opens sesso cee ee Pa es ecco Sees) Bees case isesesclbcacs 16. 0)121. 879. 2 ze 
Late white (side): : { 
Wii Ges iiSsian ss 9a eee 551/62. 8)28. 1/64. 3) (4) | 14.3] (@) | 53. 4/24. 5) 99. 8/74. 0/10. 539. 2/39. 5)42. 3 
1 Destroyed by hail. 3 Average of five check plats. 
2 Average of four check plats. 4 Average of six check plats. 


Only four varieties have been grown continuously since 1907. 
Of these, Golden Rain, a midseason yellow variety, has yielded 
best, with Kherson a close second. The materially lower yields of 
the other two varieties, Banner and White Russian, are due to the 
fact that hail destroyed the Banner in one year and the White Rus- 
sian in two years, after the earlier varieties were harvested. The 
Sixty-Day has averaged 2 bushels less than the Kherson in the years 
both have been grown, but since 1910 it has averaged about 1 bushel 
more. Several varieties have been grown continuously in the 7- 
year period from 1911 to 1917, inclusive. In this period the Victory 
has outyielded all others, with Golden Rain ranking a very close 
second. Both these varieties are pure-line selections developed in 


aData from U.S. Department of Agriculture Bulletin 33 (11), and from annual reports of Mr. Ralph W. 
Smith, scientific assistant in charge of cereal experiments at the Dickinson (N. Dak.) substation, to 
the Office of Cereal Investigations. 
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Sweden. All the midseason varieties have outyielded the Sixty- 

Day and Kherson, which in turn have outyielded the late side oat, 

White Russian. From these results it appears that the better mid- 

season varieties are to be preferred to the early ones for this section. 
RESULTS AT MANDAN.! 

The Sixty-Day oat has been included in varietal experiments at 
the Northern Great Plains*ield Station, Mandan, N. Dak., since 1916. 
The annual and average yields of this and five other varieties grown 
during the years 1916 and 1917 are shown in Table XXIX. 


TaBLe XXIX.—Annual and average yields of the Sixty-Day and five other varieties of 
oats grown at the Northern Great Plains Field Station, Mandan, N. Dak., during the 
years 1916 and 1917. 


[Data obtained in cooperation with the Office of Dry-Land Agriculture. } 


Yield per acre (bushels). 
Group and variety. C. I. No. |. 
1916 1917 Average. 
Early yellow: | 
(Sia rave Dae ee ee mS 2 eee 165 46.4 | 41, 3 | 43, 9 
Midseason yellow: | 
old enibvaimeasss Sate sone ese uc ccd! <5 a ee Toe 493 53.6 | 44.3 | 49.0 
Midseason white: | 
Nachony.= +. -2 560 51.4 45.2 48.3 
Early Mountain. - - 656 54.3 32.0 43.2 
Swedish Select... . : 134 | 41.6 40.7 41.2 
Late white (side): | | 
VE COSEISSISIIE Sea cscs tc — Sees ~ Loe i Ee ne bs 744 48.0 | 37.6 42.8 


The data shown in Table XXIX indicate that the best midseason 
varieties probably will outyield the Sixty-Day in central North 
Dakota, but data covering only two years are not sufficient to justify 
the drawing of definite conclusions. The results, however, are in 
accord with those obtained at Dickinson. 


RESULTS AT LANGDON. 


The annual and average yields of the Sixty-Day and six other vari- 
eties of oats grown at the Langdon substation (39) during the 5-year 
period from 1909 to 1913, inclusive, are presented in Table XXX. 
TABLE XXX.—Annual and average yields of the Sixty-Day and six other varieties of oats 


grown at the Langdon (N. Dak.) substation during the 5-year period from 1909 to 1913, 
inclusive. 


[Data compiled from annual reports of the Langdon subexperiment station (39).] 


Yield per acre (bushels). 
Group and variety. 


1909 1910 LOTS. 19t2 1913 Average. 
arly yellow: ‘ 
ipl ET eee eee bes, 266.8 8.0 | 40.0 54.7 36.3 41.2 
ieee white: 
Sibel anaes cess aNen seeiee aoe os - - 56.7 15.5 71.8 80.3 48. 3 | 54.4 
TOU H OUT ess oe ase RAN ei Miers OE Se a 72.0 14.8 64. 4 | 66. 7 45.3 52.6 
Swedish NOlECE Re nee eee 74.4 14.0 60.2 | 66.1 45.0 51.9 
Late white (side): | 
Whites R USSIaMa lee = = Saeco ae a. | 60. 0 20.8 76.5 73.4 57.0 57.5 
Helechmhaniirimsmeet ees noe 54.0 20.3 75.8 80.5 53.8 56.9 
INCASE bas a a 50. 0 PAT 3) 76.5 78.1 56.0 56. 4 


1 Data from unpublished annual reports of Mr. J.C. Brinsmade, jr., scientific assistant in charge of cereal 
experiments at the Northern Great Plains Field Station, to the Office of Cereal Inv estigations. 
2 Yield of the early yellow strain known as Seventy-five Day. 
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The data in Table XXX show that both the midseason and late 
white oats have decidedly outyielded the Sixty-Day at the Langdon 
substation. 

The yields of the side-oat varieties, New Zealand, White Russian, 
and Select Tartarian, have averaged staal bushels more than those 
of the midseason open-pan- 
icled varieties. This condi- 
tion occurs so rarely that it 
seems worthy of special men- 
tion. Early oats are not rec- 
ommended for this section of 
North Dakota. <A panicle and 
spikelets of the White Russian 
oat are shown in figure 10. 


RESULTS AT EDGELEY. 


The annual and average 
yields of the Sixty-Day, the 
Kherson, and seven other va- 
rieties of oats grown at the 
Edgeley, N. Dak., substation 
(45, p. 28) during three or 
more years in the 10-year 
period from 1903 to 1912, in- 
clusive, are presented in Table 
XXXI. 

According to the data given 
in Table XX XI there is little 
choice between the early yel- 
low and the midseason white 
varieties for growing in the 
vicinity of Edgeley. Only 
the Siberian, Sixty-Day, and 
Swedish Select have been 
srown during the entire period. 
Fic. 10.—Panicle and spikelets of a late white (side) They rank in average yield in 

variety of oats, White Russian. 6 

the order named. In the six 
years from 1905 to 1910, inclusive, the Abundance, Big Four, Siberian, 
and Sixty-Day produced almost identical average yields. The results 
appear to be slightly in favor of the midseason varieties. It is 
probable that the rather thin soil of this section accounts for the 
better performance of early oats at Edgeley than elcome in North 
Dakota. 
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TaBLE XXXI.—Annual and average yields of the Kherson, the Sixty-Day, and seven 
other varieties of oats grown at the Edgeley (N. Dak.) substation during three or more 
years in the 10-year period from 1908 to 1912, inclusive. 


[Data compiled from the Tenth Annual Report of the Edgeley (N. Dak.) substation (45, p. 28).] 


Yield per acre (bushels). 


Average. 


Group and variety. ee ea 


1903 | 1905 | 1906 | 1907 | 1908 | 1909 | 1910 | 1912 1903, 1905] 1908 | 1905 
to 1910, to to 
and 1912 | 1910 | 1910 
erly. yellow: 
Tali eID EN ote eciie seen See 37.0 | 90.9 | 51.4 | 13.8 | 26.9 | 62.2 | 19.3 |. 37.4 42.4 | 36.1 | 44.1 
TET e YRC TSS SR ERT Se Pl ea ms ae DRARNG TAS Hots Bale cies ce lcereeteeee OFS |e: 
Midseason white: 
SUbemaneres Sao ee 46.3 | 91.2 | 64.8 | 24.3 | 12.7 | 65.9] 6.3] 52.5 45.5 | 28.3 | 44.2 
Swedish Select.........-- 41.4 | 71.8 | 52.7 | 15.4 | 18.7 | 45.6] 7.4] 43.7 36.5.| 22.2] 34.4 
TIORIOTE Oster ae etore eGo ols Nees 9057) | SGN aa LON On ata e603) |y (ei4e lees. oe eee ee 26.8 | 41.3 
TOMO UTP tien SL a dye eee lai Spek, | LON4aa econ on(ellOosl at Ono noos eile ermine 29.1 44.4 
PAT MTG AN COse octane tbe ae OEP YB) || 2233 TIGRE) GER BeBe ees see oe oe oe 28.6 | 45.6 
Late white (side): 
NUinepRussiame 2 oe soa ee 78.3 | 79.8 | 24.4 ARS |) Shs 7 PED Vi ieee Vas ess cad aaa 14.0 37.4 
Select Tartarian.......... 31.9 | 74.9 | 57.5 | 22.7 B74 || B¥/ole) Oe ell Re ie | reer ye eres 14.6 33. 2 


Results in South Dakota.1! 


RESULTS AT NEWELL. 


The original strains of Kherson and Sixty-Day oats have been in- 
cluded in the varietal experiments at Newell since 1908. In 1910 
two selections of the Sixty-Day were added and in 1912 two more of 
the same variety. These have been continued to date, except that 
one of the selections was not grown in 1916 and 1917. In addition, 
the strain known as Seventy-five Day was included for several years. 
Aside from the early yellow strains, seven other varieties have been 
grown in four or more years in the 9-year period from 1908 to 1916, 
nelusive. The annual and average yields of the leading selections 
and varieties grown at Newell are presented in Table XXXII. 

The data given in Table XXXII indicate that the early yellow 
varieties, Kherson and Sixty-Day, are the most dependable for west- 
ern South Dakota. The average yield of the Kherson in the 10-year 
period from 1908 to 1917, inclusive, is 31.6 bushels, compared with 
26 and 22.7 bushels from Swedish Select and White Russian, respec- 
tively. In the 6-year period from 1912 to 1917, inclusive, a white- 
kerneled selection of Sixty-Day, C. I. No. 626, has outyielded the 
Kherson, Burt, Swedish Select, and White Russian varieties by 3, 
2.9, 9.1, and 11.5 bushels, respectively. 


1 Data obtained cooperatively by the South Dakota station and the Bureau of Plant Industry. Data — 
previous to 1914 were published in U. 8. Department of Agriculture Bulletin 39 (10); in South Dakota 
Agricultural Experiment Station Bulletin 149 (17), andin U.S. Department of Agriculture Bulletin 297 
(32). 
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Taste XXXII.—Annual and average yields of eight early yellow and oe Sher varieties 
of oats grown at the Belle Fourche Experiment Farm, Newell, S. Dak., during two or 
more years in the 10-year period from 1908 to 1917, inclusive. 


[Data obtained in cooperation with the South Dakota Agricultural Experiment Station.] 


Yield per acre (bushels). 


; CI Average. 
Group and variety. No. 
1908 | 1909 |1910 |1911}1912/1913/1914| 1915 |1916)1917 1908|1912/1912 
to | to | to 
1917}1917,1915 
Early yellow: 
KH erSOniz) 22 eee eee ee 459/147. 5/125. 7/115. 0] 0} 6. 2/21. 9/13. 8/110. 8/40. 8/33. 8/31. 6/37. 9/38. 2 
Sixty=D ayia eee ee nee 165|146. 6] 25.0] 15.6} 0) 6. 6/22. 7]... .)118. 7/37. 4/34. 1)....).... stra 
Sixty-Day selection............ G25 ears eae 14.4} OO} 7. 9/21. 6/13. 4/107. 2)... -|....)....)...- 37.5 
DOs th eatieee sere earn G26 eee: obs 16.6] OJ} 9. 9/24. 6]14. 2)117. 1/43. 4/35. 9}... ./40. 9/41. 5 
Dos tag oe ee ee ees 165566 | Bese oes eee ...-| 7. 1/23. 3]12. 2/106. 7/41. 8/33. 8]... .|37. 5/37. 3 
Albion (Iowa No. 103, white)... (CS SE PES ano sinc. Slade lee Bellis seca 35. 6/30. 6]... .}...- Piss 
Richland (lowa No. 105) eee ed FSUG| Poteet oie = S| RSPR AT NES ee eee | eee eer Soo S0nOl Se seteece|inco= 
Seventy-five Day......-....--- SBM oo olsomes locoss Boel 1420 OES (LOD 5 | eae eee |e | eee 36.0 © 
Karly re 
Burt. 620 Se eb eae steeper 293 te 2 oo SSE .---| 6. 0/22. 4/16. 0/108. 0/38. 0/37. 4}. . . 138. 0/38. 1 
Midseason white: ; 
Swedish Select................- 134] 38.1) 28.4] 2.3] 0} 9.2/15.2! 0 1/118. 7/33. 0/19. a 26. 0/31. 8134. 5 
Canadianke yas eee ee See 444) 38.8) 21.3) 4.4] 0/10.4/18.5} O | 92.9)..._|....J....|__-.- 30. 5 
Late white (side): 
Wiltiberiissianeass =e 551) 30.9} 20.0) 0 0/22. 7/14. 3) 0 |106. 1/26. 8| 6. 4/22. 7/29. 4/35. 8 


1 Average of two plats. 


RESULTS AT COTTONWOOD. 


The only varieties included in the experiments at the Cottonwood 
substation are the Sixty-Day and the Swedish Select. In Table 
XXXIIT the annual and average yields of these varieties obtained 
at Cottonwood during the eee period from 1909 to 1917, inclusive, 
are presented. 


TaBLE XX XITI.—Annual and average yields of the Sixty-Day and Swedish Select oat 
varieties grown at the Cottonwood and Eureka (S. Dak.) substations during the 9-year - 
period from 1909 to 1917, inclusive. 


[Data obtained in cooperation with the South Dakota Agricultural Experiment Station. ] 


Yield per acre (bushels). 
ya Sige F South feu) 
Station, group, and variety. Dakota Cale 
0. 
No. 1909 | 1910 | 1911] 1912 | 1913] 1914 | 1915] 1916 | 1917 ee 
COTTONWOOD SUBSTATION. 
Early yellow: Sixty-Day......... 165) 165) 12.5) 4.4 0} 25.9] 4. 7/114. 8) 20 ||) 29.1) 24.7) 12.9 
Midseason white: Swedish Select. 112}. 134; 7.2) 6.3) O}] 16.6) .6| 19.4) 20 | 15.9] 10.3) 7.4 
EUREKA SUBSTATION. 
Early yellow: Sixty-Day......... 165) 165} 37. 2| 20. 2 0} 6.1) 15.8) 37. 5}110. 6] 60.1) 46.2) 37.1 
Midseason white: Swedish Select. 112) 134! 43. 7] 25.0 0} 4.7) 3.3) 28.5) 95.8) 53. 7] 385.8] 32.3 
1 Yield from method-of-seeding experiment at Cottonwood. 2 Destroyed by hail. 


The data given in Table XX XIII indicate that the Sixty-Day is 
superior to the Swedish Select for growing in the vicinity of Cotton- 
wood, though neither variety has produced profitable yields. 
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RESULTS AT EUREKA, 


The only two varieties which have been grown at the Eureka sub- 
station, as at Cottonwood, are the Sixty-Day and the Swedish Select. 
These two varieties have been grown at that point continuously since 
1909. Their annual and average yields in the 9-year period from 
1909 to 1917, inclusive, are shown in Table XXXITI. 

The results shown in Table XXXITI indicate that the Sixty-Day will 
- outyield the Swedish Select variety under conditions similar to 
those at Eureka. The difference between the 9-year average yields 
of the two varieties is 4.8 bushels. 


RESULTS AT HIGHMORE. 


The Kherson and Sixty-Day oats have been included in the coopera- 
tive varietal experiments at Highmore since 1906. The annual and 
average yields of these and five.other varieties of oats grown at High- 
more in five or more years in the 12-year period from 1906 to 1917, 
inclusive, are presented in Table XXXIV. 


TaBLE XXXIV.—Annual and average yields of the Kherson, the Sixty-Day, and five 
other oat varieties grown at the Highmore (S. Dak.) substation during five or more years 
in the 12-year period from 1906 to 1917, inclusive. 


[Experiments conducted in cooperation with the South Dakota Agricultural Experiment Station.] 


Yield per acre (bushels). 


Average. 
. S. Dak.|C. T. 
Group and variety. | 
Pp y No. |No. : | | ; -——- 
1906 1907|1908 UE) 1911 1912 1913 1914 1915 1916 1917 1906 | 1906 
| to |. to 
es 1917 | 1913 
EON SE eee fret | [ss ht pea CS A a eC 
Early yellow: iene | 
Sibrqiy Alb he eee ee 165) 165/43. 3/31. 6/47. 5:28. 8) 9. 4 0 1.2) 9. 1/50. 8/128. 168. 7/25. 7) 37.0) 21. 4 
eh ensoneey. eet eae 115} 539)69. 7/28. 8/39. 0)21. 9,10. 0 0) ere TA ions) MA ot neers eceees [ara Le cate DIE 
Early black: | 
North Finnish Black. 174| 174.58. 8/25. 0/26. 3 30. 6/19. 4 0} .3) .6/40: 6). .... BES aa So a8. 20.1 
Early red: | } 
Red Algerian......2. 286) 286 49. 1/21. 9/32. 8 23. 4.35. 0 0| (20) ee es eee Sos Bear oon e Soeae 
Midseason white: | | 
Swedish Select....... 112) 134 65. 0/30. 8/30. 3:36. 6 25. 0 0} .3) .9134. 4) 93. 8/40. 6|12. 1] 30. 8) 23.6 
ely aed seen satel 336] 336 55. 6/26. 6/21. 3/28. 8 36. 9 (ie Selle BREN GEE eee Sele sa 21.3 
Late white (side): | 
Wibitel@artars 2: 22.2 sess. 2. cua os Asi \Pe ise (lhe (@) Recs peael eee jn-o-[eee-[eeeee [eee 
| 


1 While very small yields were obtained in 1912, they were not sufficient to pay for harvesting and are, there- 
fore, not considered. 


Reference to Table XXXIV shows that the Sixty-Day has out- 
yielded all other varieties at Highmore. The Kherson slightly ex- 
ceeded it in average yield during the years it was grown, due to a wide 
difference in the yields of the 1906 crop. Except in this year the 
Sixty-Day usually has yielded more, and the Kherson has been dis- 
carded. The 12-year average of the Sixty-Day is 6.2 bushels higher 
than that of the Swedish Select, the highest yielding midseason white 
variety. 
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Results in Nebraska. 


Table XXXV presents the annual and average yields of the Kherson, 
the Sixty-Day, and four other varieties of oats grown at the North 
Platte (Nebr.) substation (36, p. 17-18) during four or more years in 
the 9-year period from 1904 to 1912, inclusive. 


TaBLE XXXV.—Annual and average yields of the Kherson, the Sixty-Day, and four 
other varieties of oats grown at the North Platte (Nebr.) substation during four or more 
years in the 9-year period from 1904 to 1912, inclusive.' 


[Data compiled from Nebraska Agricultural Experiment Station Bulletin 135 (36, p. 17-18).] 


Yield per acre (bushels). 


Average. 
Group and variety. 


1904 | 1905 | 1906 | 1908 | 1909 | 1910 | 1912 |1905, 1906,] 1908 to 
and 1908] 1910 
to 1910, | and 
inclusive.| 1912. 


Early yellow: 
NGHETSOM ee aon a nee eee eee 48.0 | 20.0] 47.0] 50.9} 40 
Sixcty- Day. neck eee eee 48.0) || 20.0) 47.8 1o.secee 3 

Early red: 
Red Rustproof (Texas Red)...|....... 29.0 | 43.3] 40. 
RedvAlgertan. Doles Sly eee eee Te Secale Maes 2 
PBUH s aoe a Seas eee eee Oe aeons hs ae etecoe 5 

Midseason white: ? ; | 
Swedish Select.¢ sss. a= aes | eee eee | fee 3 


1 The varieties in 1907 were destroyed by freezing, and in 1911 the crop was a total failure, due to drought. 


The data shown in Table XX XV indicate that the Kherson and the 
Sixty-Day varieties are superior to all others at North Platte, al- 
though the Burt has outyielded the Kherson in the four years, 1908, 
1909, 1910, and 1912, by 1.7 bushels. Varieties other than the Sixty- 
Day, Kherson, Burt, and Red ustrree are of little value in central 

and western Nenraclee 


Results in Wyoming.! 


The Kherson and Sixty-Day varieties have been included in the 
varietal experiments at the Cheyenne Experiment Farm, Archer, 
Wyo., since work was begun there in 1913. Two selections of Kher- 
son from the lowa station have been grown since 1916. Table 
XXXVI shows the annual and average yields of the unselected 
Kherson and Sixty-Day and of five other varieties of oats grown at 
Archer in the 5-year period from 1913 to 1917, inclusive, together 
with the yields of the two Kherson selections in 1916 and 1917. 


1 The results obtained in 1913, 1914, and 1915 were reported in U. S. Department of Agriculture Bulletin 
430 (19). Later data are compiled from unpublished reports of Mr. V. H. Florell, scientific assistant, 
formerly in charge of cereal experiments at the Cheyenne Experiment Farm, to the Office of Cereal Inves- 
tigations. 
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TaBLE XXXVI.—Annual and average yields of three strains of the Kherson, one strain 
of the Sixty-Day, and five other varieties of oats grown at the Cheyenne Experiment Farm, 
Archer, Wyo., in the 5-year period from 1913 to 1917, inclusive. 


[Experiments conducted in cooperation with the Wyoming State Board of farm Commissioners.] 


Yield per acre (bushels). 


Group and variety. C.I. No. 
1913 1914 1915 1916 1917 |Average. 

Early yellow: 

Stidivrcl DEN a oeee ot BASES SSeS eeaee 165 15.8 25.6] 129.9 9.6 27.4 21.7 

LALGRS DT. Gig eBee EE Seeeee 459 212.5 227.5 3 9.9 ipa 21.3 

Albion (Iowa No. 103, white) -....-. 729) || Seee eee eee ain ts asc sensi 35.0 PELE Se cceasbe 

Richland (lowe INOS 105)i2 ae ase (6 a beige oe cose oes peoeeerce 9.0 273:0!| cece one 
Midseason yellow: 

IRODS DOIG ac lists acicinia estas s'acsece = 495 12.2 22.5 45.0 6.3 32.0 23. 6 
Midseason white: 

Bwedish Seleche =... flo. sence chee ee 134 10. 0 26.7 52.1 7.7 35.3 26. 4 

PAPOWON eee tito sein cao cclatis cas Gsleee 492 10.5 23, 6 48.7 8.6 40.3 26.3 

WOOVAGOINOsS Voces cas cccscscccees 619 ib 24.7 51.5 6.3 38. 1 25. 6 
Late black (side): 

Blackylantarian.. .. 32 6<-52c02 2522 768 7.8 18. 8 41.5 4,9 31.3 20.9 

’ 1 Damaged about 30 per cent by hail. 2 Average of six tenth-acre check plats. 


3 Not comparable. A poor stand occurred, due to poor germination. 


Table XXXVI shows that the three varieties classed as midseason 
white have outyielded the Sixty-Day and the Kherson. The best 
midseason white oat, Swedish Select, has outyielded the Kherson by 
4.7 bushels. The Probsteier, a midseason yellow variety, also has 
outyielded both the Sixty-Day and the Kherson by about 2 bushels. 

Although these tests have not been of sufficient duration to be 
conclusive, the evidence indicates that in this section of the Great 
Plains the midseason white varieties generally will outyield the 
Kherson and Sixty-Day and therefore are to be recommended. 


Results in Colorado. 


Kherson and Sixty-Day oats have been included in the varietal 
experiments at the Akron (Colo.) Field Station since they were begun 
in 1908. The annual and average yields of these two varieties, three 
selections from them, and five other varieties of oats grown in one 
or more years in the 10-year period from 1908 to 1917, inclusive, are 
presented in Table XXXVII. 

The data shown in Table XX XVII indicate that there is little 
choice at Akron between the Kherson and Sixty-Day and the mid- 
season white varieties, Colorado No. 37 and Swedish Select. The 
Kherson has outyielded the Colorado No. 37 by a little more than 
2 bushels, but the Sixty-Day has fallen below both the Colorado 
No. 87 and the Swedish Select by about the same quantity. A 
comparison of the yields for the years 1912 to 1917 shows that Burt, 
an early red oat, has slightly outyielded the Kherson. In this period 


1 The results obtained in 1915 and previous years were reported in U. S. Department of Agriculture 
Bulletin 402 (25). Later data are compiled from unpublished annual reports of Mr. George A. McMurdo, 
formerly scientific assistant in charge of cereal experiments at the Akron Field Station (1915) and Mr. 
F, A. Coffman, now scientific assistant in charge at Akron, to the Office of Cereal Investigations. 
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the Kherson has outyielded the best Sixty-Day strain by about 3- 
bushels and Colorado No. 37, the best of the midseason white varie- 
ties at Akron, by 7 bushels. 

TABLE XXX VII.—Annual and average yields of the Kherson, the Richland, the Albion, 


two strains of the Sixty-Day, and five other varieties of oats grown at the Akron ( Colo.) 
Field Station during one or more years in the 10-year period from 1908 to 1917, inclusive. 


[Experiments conducted in cooperation with the Office of Dry-Land Agriculture Investigations.] 


Yield per acre (bushels). 


C.T Average. 
Group and variety. Now 


1908 | 109 | 1910| 1911 | 1912] 1913 | 1914 | 1915 | 1916 | 1917] 199814919 1916 


to | to | to 
1917} 1917} 1917 
Early yellow: 

CTSONs Stee oeceneee 459 152.8 133.1 |37.1 |12.4 |36.0 |36.1 /65.0 |85.0°|16.8 |14. 7 |38.9 |42.3 | 15.8 
Dixty=Day es eee 165 |42.9 137.2 |21.9 | 3.3 |83.4 |28.1 |65.0 |82.6 |12.5 |14.9 134.2 139.4 | 13.7 
Sixty-Dayselection4P2| 788 |_....|_.... 32.0 | 4.2 |40.0 |26.2 |6 PAD Ou. eps | este ail ate everett =a 
Albion (lowa No. 103, . 

Se awihitel dese eee PAS) a| ciple S| | a et ech PR el Te IS SB: Gin 2A ON aerate seen 16. 3 

Richland (ower Nios 105) | 787i eee ae sca | oes | eee sey ae | 1 D:iyic | lepem eee le a ee oe 
Early red: ‘ 

Bunt ay ere core PABBA PSS | fr Lene 48.2 |36.8 /63.1 |82.6 |11. 7 |13.9 |--.-- 42.7 | 12.8 
Midseason white: : 

Colorado No. 37.......- 619 |36.8 55.6 129.9 |132.5/30.9 |32.5 |53.7 |79.2 | 7.4 | 7.9 136.6 |35.3 | 7.7 

Swedish Select........- 134 |62.5 150.6 |29.5 | 15.9/30.9 |27.5 |48.7 169.4 |10.5 | 9.2 |35.5 |82.7 | 9.9 

Win CONE s- =) seeee see (B80 ens see oe 2 =| 52 as Gee 41.2 61.2 |67.8 | 9.4 | 9.4 |.-.--]- eee OLA: 
Late white (side): ‘ 

Wihitewaniarsee eee 30019 %rsi | eee |S e | eee 23.4 123.7 |42.1 |65.0 | 0.7 | 4.1 ]..... 26.5 2.4 


1 Plat favorably located with regard to soil moisture. Under comparable conditions this variety would 
have yielded about the same as Swedish Select. 

The Tartarian, a late white side oat, has an average yield of only 
26.5 bushels for the same period, as compared with Burt, Kherson, 
Colorado No. 37,:and Swedish Select, with 42.7, 42.3, 35.3, and 32.7 
bushels, respectively. Early Champion, grown in 1908, 1909, and 
1910 only, averaged 7 bushels to the acre less than Kherson in the 
same years. 

Conclusions. 

The average yield of the leading variety in each group at the 
stations included in the northern Great Plains is shown graphically 
in figure 11. 

Except at the higher elevations in the northern Great Plains and 
in the extreme north, Sixty-Day and Kherson oats usually yield 
better than other varieties. 

At the Judith Basin substation, in central Montana, Sixty-Day 
and Kherson oats have yielded slightly better than the midseason 
varieties. 

At the Edgeley substation, in southeastern North Dakota, the 
Sixty-Day oat has yielded about the same as the best midseason 
varieties, but at other stations in the central and western portions 
of North Dakota, midseason varieties, such as Victory, Golden Rain, 
and Silvermine, have yielded considerably better than the early oats. 
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At several stations in central and western South Dakota, the 
Sixty-Day and Kherson oats have yielded better than the midseason 
and late varieties and are generally to be recommended in that State. 
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Fie. 11.—Diagram showing the average yields, in bushels per acre, of the highest yielding variety of each 
of several groups of oats at thirteen agricultural experiment stations in the northern Great Plains area 
during the periods of years indicated. 


At the North Platte substation in western Nebraska, the Burt. 
Red Rustproof, Kherson, and Sixty-Day oats have yielded equally 
well, exceeding considerably the later varieties. 
139872°—20—Bull. 823-4 
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At the Akron substation, in northeastern Colorado, there is little 
choice between the early and midseason varieties. At the Cheyenne 
Field Station, at an altitude of 6,000 feet, in southeastern Wyoming, 
the midseason varieties of oats have yielded better than the early 


ones. 
RESULTS IN THE SOUTHERN GREAT PLAINS AREA. 


The southern Great Plains include the western or semiarid por- 
tions of Texas, Oklahoma, and Kansas, southeastern Colorado, and 
eastern New Mexico. 

The oat crop is not grown extensively in this area. The early 
red varieties, Red Rustproof and Burt, and the early yellow varieties, 
Kherson and Sixty-Day, are the most popular. 

Varietal experiments with the Kherson, the Sixty-Day, and other 
oat varieties have been conducted under dry-land conditions at only 
two experiment stations in this section. The Kherson and the 
Sixty-Day varieties have been under test at the Amarillo Cereal 
Field Station, Amarillo, Tex., since 1906. Comparable data are 
available from the Hays Branch Experiment Station, Hays, Kans., 
only since 1913. 

The climate of this section, like that of the northern Great Plains 
area, is generally classed as semiarid. As crop production is largely 
governed by climatic conditions, the altitude, the quantity and 
distribution of the annual precipitation, the normal annual and 
seasonal precipitation, and the mean temperatures for June, July, 
and August at Hays, Kans., and Amarillo, Tex., are shown in Table 
XXXVIII. The general soil type at each station also is shown. 
TABLE XXX VIII.—Altitude, averaye annual and seasonal precipitation, mean seasonal 


temperatures, and general soil types at the Hays (Kans.) Branch Experiment Station and 
the Amarillo ( Tex.) Cereal Field Station. 


Climatological data. 
Alti- Average pre- Normal temperature f 
Station. tude. Length cipitation. (°F). General soil type. 
of 
record Sere 
Annual, soeild June. | July. |August. 
Ft. Y7s. Ins. | Ins. 
Hays eKanseis. 2242 2,000 48 | 23.16 | 17.67 | 271.6] 276.8 | 276.9 | Silty clay loam. 
Amarillo, Tex......-.- 3, 676 26 | 20.89 | 15.67 | 372.0] 375.3 | 375.3 | Chocolate clay loam. 
1 Aprilto September, inclusive. 2 Twelve-year average. 3 Highteen-year average. 


Table XX XVIII shows that the greater portion of the precipita- 
tion occurs during the growing season, when the need for it is greatest. 
The high mean temperatures and high wind movement cause rapid 
loss of water by evaporation. As oats require more water than any 
other small-grain crop, the conditions just mentioned are not favor- 
able to their best development. 
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Results at Hays, Kans.1 


The Kherson and Sixty-Day varieties have been included in the 
experiments conducted at the Hays (Kans.) Branch Experiment Sta- 
tion since 1908, but comparable data are available from these experi- 
ments only since 1913. The annual and average yields of these and 
of two other varieties of oats grown at Hays during the four years 
from 1913 to 1916, inclusive, are given in Table XXXIX. 


Taste XXXIX.—Annual and average yields of selections of the Kherson and Sixty-Day 
and of two other varieties of oats grown at the Hays (Kans.) Branch Experiment Station 
for three or more years in the 4-year period from 1913 to 1916, inclusive. 


[Data obtained in cooperation with the Kansas Agricultural Experiment Station. ] 


Yield per acre (bushels). 


I. Average. 


Group and variety. eee 
1913 1914 1915 1916 
1914 to | 1913 to 
1916 1916 

marly yellow: 
Ibion (Iowa No 103, white).........-... 729 5.8 17.2 12,1 8.0 12.4 10.8 
Sixty-Day selection..................---- 626 6.4 14.0 11.7 5.8 10.5 9.5 

Early red: 

urt X Sixty-Day hybrid................ 727 8 18. 4 22.6 12.4 17.8 14.8 
RN See | Sy GRR ol ne Le ee Ua ee eee: eae ae 22.5 8.9 11.7 ACES ea 


1 A commercial lot of Burt; not a pure line. 


It will be noted from Table XX XIX that. very poor yields were 
obtained at Hays; in fact, so poor that the crop is evidently not a 
profitable one. From the few data shown it appears that the Burt 
will outyield the Kherson and Sixty-Day in this section. The best 
yield at the station was produced by a Burt x Sixty-Day hybrid 
which is not yet commercially grown. 


Results at Amarillo, Tex.? 


The Kherson, the Sixty-Day, and the Seventy-five Day oats all 
have been included in the varietal experiments at Amarillo since 1906. 
Several selections of the Sixty-Day variety also have been included 
for shorter periods. The annual and average yields of these strains 
and of six other varieties and selections are shown in Table XL. 

The data shown in Table XL indicate that the early red varieties, 
Red Algerian, Red Rustproof, and Burt, at Amarillo outyield the 
Kherson and Sixty-Day on the average from 2 to 4 bushels per acre. 
The average yield of the best red strain in the eleven years from 1906 
to 1916, inclusive, is 20.6 bushels, compared with 18.9 bushels for 


1 Compiled from unpublished reports of Mr. F. A. Kiene, jr., formerly assistant agronomist in charge of 
cereal experiments at the Hays Branch Experiment Station, to the Office of Cereal Investigations. 

2 Data to and including 1911 were published in U. 8. Department of Agriculture, Bureau of Plant 
Industry Bulletin 283 (31). Data from 1912 to 1917 have been compiled from unpublished reports of Mr. 
John F. Ross, the superintendent of the Amarillo Cereal Field Station, to the Office of Cereal Investiga- 
tions. 
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the best Sixty-Day. The average yield of two strains of Red Alge- 
rian, one of Burt, and one of Red Rustproof range only from 19.8 to 
20.6 bushels. 

TaBLeE XL. — Annual and average yields of five early yellow and six other varieties of oats 


grown at the Amarillo ( Tex.) Cereal Field Station during siz or more years in the 11-year 
period from 1906 to 1916, inclusive.* 


| Yield per acre (bushels). 


} 
| 


; en | Average. 
Group and variety. Nake | | 
1906)1907 1908 1909 1910|1911 1912/19131914,1915| 1916) 99, “Ginltecr 
to:| to | to 
1916 1916 1915 
ease) ener 
Early yellow: | | | 
cixty Day: SS ee se ese 2165 21. 1/20. 930. 6/19. 7) 5.8] 8. 8/24. 1/11. 6/28. 4/23. 1) 13.9 18.9.18.3 19.2 
Ss eee n Taos ae eee 3165) _._./24. 4/32. 5/16. 3) 3. 9111. 7/22. 5/10. 0/29. 1/20. 3).....|...- . 19.0 
Sixty-Da selection 4P4.._.. 789|_..|__..|.2-2\.25-|_-- (12. 5126, 2113: 2198719003) 14. 7/1. 1-5 119.3 - 
Seventy-five Day......._.--- 337 12. 4/22. 7/24. 1)18. 1} 4. 5}17.'0)22. 8/11. 6/29. 4/20. 6] 11. 6: 17. 7|18. 8 19.0 
Kherson. ais eee ee ee ~ 459/11. 5|15. 2/20. 619.1) 4. 5/16. 7/24. 1) 6. 2/29. 4/18. 1) 10.8 16.0)17.6 17.1 
Early red | 
BUTE ease bn ose eee ee 4293 13. 3/16. 223. 4'16. 6) 8. 0/18. 7|21. 6/16. 9/40. 3/31. 1511. 9 19. 8 23. 4 21.4 
[ sButtiscleci Ones ee aeaee 293-VI.| ..--|10. 3/23. 4/12. 8) 9. 3/20. 6/20. 9/14. 1/40. 0/30. 3)... .)...- . 20.2 
Red--Algerian.<3=2-) 232-255 6286 16. 0:17. 6/38. 1/17. 8'11. 4/17. 9,26. 3] 7.7/41.5/24.9| 7. 5.50. 621. 0 22.6 
DOS Ee Sete en eke ee 7286 10. 620. 4:30. 3/19. 1/10. 9)16. 3:28. 4) 8.7/45.0,23.4) 7.320.021. 5 22.5 
Red Rustproof SE BoB e Ie sae k 458 19. 8|19. 3/32. 7| 9.7) 9. 0/17. 8:25. 9/11. 939. 4/29. 4) 10. 0 20. 4 22.4 21.7 
One. eee aes 487)... .|14. "es Hie Ee 1 6. ey 8.743. 1/24.7, 8.9'.._./19. hee 6 
| id 
1 Data to and ineludings 1911 were previously published in Bur. Plant Indus. Bul. 283 (31). 
2S. P. I. No. ® Yield from 6-peck rate in rate-of-seeding test. 
3§. P.T. No. Tro. 6S. P. I. No. 12133. 
4S. P. I. No. 15856. 78. P. I. No. 15858. 
Conclusions. 


The average yield of the leading variety in each group at the 

stations included in the southern Great Plains is shown graphically in 
figure 12. 
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Fic. 12.—Diagram showing the average yields, in bushels per acre, of ; 2 
the highest yielding variety of each of several groups of oats at two- the best to grow In 
agricultural experiment stations in the southern Great Plains area the southern Great 


during the periods of years indicated. Pine eek Wile 
the yields of the Kherson and Sixty-Day have been somewhat lower 
than those of the Burt and Red Rustproof, they doubtless are the 
next best varieties to grow. 
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RESULTS IN THE WESTERN BASIN AND COAST AREAS. 


The western basin and coast areas include that portion of the 
United States lying west of the Rocky Mountains. The growing of 
oats and other small grains in this region is confined mostly to the less 
arid districts. The results of experiments under irrigation are 
reported in another section of this bulletin. The principal grain- 
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growing districts are the Great Basin, the Snake River Basin, the 
Columbia Basin, and the central] valleys of California. These include 
parts of the States of Utah, Nevada, California, Idaho, Oregon, and 
Washington. 

Varietal experiments with the Kherson and the Sixty-Day and 
other varieties of oats have been conducted at the following stations: 
Nephi, Utah; Aberdeen, Idaho; Burns and Moro, Oreg.; and Chico, 
Calif. At each of these points, except Chico, the work has been con- 
ducted cooperatively by the United States Department of Agricul- 
ture and the respective State agricultural experiment station. At 
Chico the work has been conducted in cooperation with the Office of 
Foreign Seed and Plant Introduction of the Bureau of Plant Industry. 
The experiments at Pullman and Puyallup, Wash., were conducted 
and reported independently by the Washington Agricultural Experi- 
ment Station. The results of cereal experiments at the Oregon 
Agricultural Experiment Station at Corvallis have never been pub- 
lished. 

The climate of these basins and valleys, except that of Puget 
Sound, is exceedingly dry, varymg from semiarid to arid. Table 
XLI contains a record of the altitude, annual and seasonal precipita- 
tion, mean temperatures for June, July, and August, and the general 
soil type at each of the seven stations in this section. 

As a rule, the precipitation of these sections is markedly low, and 
most of it occurs during the autumn, winter, and spring months. 
- This is the reverse of the conditions in the Great Plains area, where 
the greater portion of the precipitation occurs during the summer 
months, the growing season. For this reason winter rather than 
spring grains are grown in this section. 

TaBLE XLI.—Altitude, average annual and seasonal precipitation, mean seasonal 


temperatures, and general soil types at seven experiment stations in the western basin 
and coast areas. 


Climatological data. 


iti Average pre- 


Station. Padet cipitation. 


Mean temperature (°F.). General soil type. 


Length 
of 
record.| ay | gea- 


nual. | sonal June. | July. |August. 


Feet. | Years. | Inches. | Inches. 


Nephi, Utah......... 6, 000 18} 13.44 rea ionid | eces seis | wince. ceases eae Sandy clay loam. 

Aberdeen, Idaho..... 4, 400 6 9.20 SoG WB aacoeen eared lasesceee Sandy clay loam (lava 
ash). 

Burns, \Oreg -.: 22... 4,100 12) 11.74 2.67 | 257.4 | 265.8] 264.7 .| Silt loam to very fine 
sandy loam. 

Moro, Oreg...... Eaeee asl o00 11} 11.35 3.70 | 559.6] ¢67.8'| 367.4 | Silt loam. 

Pallman Wash. 22. 2|soc0seo- 417] 22.51 6.17 58. 4 66.8 65.6 

Biyalltipy Washi. ..n3|2sssen.- 525 | 43.01 8.21 59. 4 63.4 63.0 | Clay (‘‘Upland shot’’). 

Chico, Git... 189 AQ! | 23::395|—eaeeene 77.1 83.9 81.5 | Sandy loam. 


1 For months of April to June, inclusive, at Nepali Utah; Aprilto July, inclusive, at Aberdeen, Idaho, 
Burns, Oreg., Pullman and Puyallup, Wash.; and March to July, inclusive, at Moro, Oreg. 
2 Sixteen-year average. 
3 Five-year average. 
4 Data recorded at Moscow, Idaho, about ten miles east of Pullman, Wash.; altitude at Moscow 2,748 feet. 
6 Data recorded at Tacoma, 10 miles northwest of Puyallup, Wash. 
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The altitude of Nephi, Utah (6,000 feet), is the highest of the 
stations here discussed, and that of Chico, Calif. (189 feet), is the 
lowest. Aberdeen and Burns each have an altitude of more than 
4,000 feet. At the Burns station in the Harney Valley frost fre- 
quently occurs during the summer months. The advantage of early 
varieties of oats over midseason or late varieties is apparent under 
such conditions. The summers are very warm and evaporation is 
fairly high, but wind velocities are low in most of these sections. The 
soils for the most part vary from sandy clay to silt loams. 


Results in Utah.t 


The Sixty-Day oat has been included in the cooperative varietal 
experiments at Nephisince the work was started at that station in 
1908. The Kherson variety was grown only during the years 1909 to 
1911, inclusive. Two selections of Kherson from the Iowa station 
were added to the experiments in 1916. In addition to these, only a 
few other varieties have been included in the tests at Nephi. The 
annual and average yields of those varieties which have been grown 
during three or more years in the 10-year period from 1908 to 1917, 
inclusive, are presented in Table XLII. 

Taste XLIT.—Annual and average yields of the Sixty-Day, the Kherson, the Richland, 


the Albion, and four other varieties of oats grown at the Nephi ( Utah) substation during 
two or more years in the 10-year period from 1908 to 1917, inclusive. 


[Data obtained in cooperation with the Utah Agricultural Experiment Station.] 


Yield per acre (bushels). 


p } Average. 
Group and variety. & z : 
1908 | 1909 | 1910 | 1911 }1912 1913] 1914 | 1915 | 1916 | 1917 1908191011916 
to | to jand 
1917|1917|1917 
Early yellow: 
SUxty-Dayn mace eee eee ae 165) 16.0) 15.0) 22.8) 2.8/15.3' 6.3] 30.6] 36.1} 10.6} 19. 4/15. 5'15. 5)15.0 
IR ETSON ee Se Sh tas 459) 2... NAME Ie ERP esalle ds cllscoee|saoudlssoosleess dee fees eee es 
Albion (Iowa No. 103, white) (02D) Rascal Beoee Meee S looses oI eee coe eee 15. 6} 21.7)....|--..|18.7 
Rachlaind (Mo wa INios1 05) seers ear 0l| eee eee | eee eee pedine oe as eee 16. 6} 20. 0}..-..)--..|18.3 
Midseason yellow: 
A Giant ‘ellow (Side) Seeeeee 568) 927) 163!) 6: 9) 1222 DISA NS e220 5 Relea eee | ae eee ee ere 
Midseason white: 
Swedish Select..........-... 134/344. 1/215. 4] 46.2) 8.8/24.1 13.1) 30. 7/539. 1515. 8] > 8. 6/20. 6:18. 3/12. 2 
Roosevelt. + 223-4.5. s eens DD | eevee ae 10. 9/611. 5/26. 6.11. 6] 35.0} 30.3] 15.9} 2.8/..../18.1] 9.4 
Midseason black: 
= Blade Amer CaN sees eee eee 549) 15.6) 15.6] 8.4) 11. 6)25.313.5) 29. 4/542. 5/516. 9)514. 7/19. 4 20. ee 
Vinter: : 
Boswell (black) saae eee eee ASQ 2-2: 16.0] 5.3} 38.111. 1} (7) |844.4556.9| 9.7) 20.0)... .'23. thy 9 


1 Data obtained cooperatively by the Utah Agricultural Experiment Station and the Bureau of Plant 
Industry. The data previous to 1917 have been reported in the following publications: U.S. Department 
of Agriculture Bulletin 30 (8); U.S. Department of Agriculture Farmers’ Bulletin 883 (20); and Utah 
Agricultural Experimental Station Circular 21 (16). 

2 Average yield of five plats. 

3 Grown on land which has been fallow for two years. All the other varieties were grown in 1908 on 
plats which had produced wheat the previous season. : 

4 Average yield of four plats. 

5 Yield of selection, original stocks not grown. 

6 Average yield of three plats. 

7 Completely winterkilled. 

8 From 6-peck rate in rate-of-seeding test. 
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The data given in Table XLII show that the midseason white 
varieties have outyielded the early yellow ones at Nephi in a series of 
years. The table also shows that in the 8-year period from 1910 
to 1917, inclusive, the Boswell Winter oat has outyielded all others, 
despite the fact that in 1913 this variety entirely winterkilled. 

In the two years (1916 and 1917) in which they have been tested, 
Albion and Richland, the two selections from Kherson, have out- 
yielded all others at Nephi and appear to be of considerable promise 
for central Utah. 


Results in Idaho.1 


The Kherson and Sixty-Day varieties have been included in the 
dry-land experiments at Aberdeen, Idaho, since 1911, when co- 
operative cereal investigations were begun at that station. Only 
two other varieties, Swedish Select and a white selection from an oat 
known as ‘‘Rustless,’’ have been included. These latter were grown 
only during the years 1915, 1916, and 1917. Table XLIII shows the 
annual and average yields of these varieties at Aberdeen. 


TaBLeE XLIII.—Annual and average yields of the Kherson, the Sixty-Day, and two other 
varieties of oats grown at the Aberdeen (Idaho) substation during three or more years in 
the 5-year period from 1913 to 1917, inclusive. 


[Data obtained in cooperation with the Idaho Agricultural Experiment Station.) 


Yield per acre (bushels). 


: ‘i C.I Average. 
Group and variety. No. 
1913 1914 -} 1915 1916 1917 1913 1915 
to 
1917 1917 
Early yellow: 
Siniy Day Senden bo 165 | 47.5] 40.3] 128.1] 16.8] 28.7] 32.3 24.5 
RSEESOR Mee eee ss cecc oc ascecce 723 38.1 32.5 26.4 16.2 29.3 28.5 24.0 
Midseason white: 
*‘Rustless’’ selection (Iowa No. 
Ee ene ee cise on le (24 eos eee eee 24.8 19.2 QSAGa as sees 24.2 
Swedish Selec.t................-- 1 BY: 2 lSeemeisios| Posusete 18.2 15.0 LOS eae wens 17.5 


1 Average of two plats. 


The early yellow varieties, Kherson and Sixty-Day, have decidedly 
outyielded the Swedish Select, a midseason white variety. The 
superiority of the early varieties has been so marked in a practical 
as well as in an experimental way that it has not been thought worth 
while to include varieties representing other pubes in the experi- 
ments on dry land. 


1 Compiled from unpublished reports of Mr. L. C. Aicher, the superintendent of the Aberdeen sub- 
station, to the Office of Cereal Investigations. Data obtained previous to 1916 are summarized in U.S. De- 
partment of Agriculture Farmers’ Bulletin 769 (1). 
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Results in Oregon. 


RESULTS AT BURNS.1 


The Kherson and Sixty-Day oats have been included in the coop- 
erative varietal experiments at Burns since they were begun 1 in 1913. 
Two selections of the Sixty-Day variety have been grown since 1913, 
and an additional one since 1914. The annual and average yields 
of these and of three other varieties which have been grown during 
the 5-year period from 1913 to 1917, inclusive, are presented in 
Table XLIV. 


Taste XLIV.—Annual and average yields of three early yellow and four other varieties 
of oats grown at the Harney Branch Experiment Station, Burns, Oreg., during the 5-year 
period from 1913 to 1917, inclusive. 


[Data obtained in cooperation with the Oregon Agricultural Experiment Station.] 


Yield per acre (bushels). 


Group and variety. No. ia 

1913 1914 1915 1916 1917 ee 4 

0) § 

1917. ; 

Early yellow: 

MH ersOne, s Asp acca eases eee eee Lathe ese 459 60.7 16.9 22.3 43.1 10.5 30.7 | 
Sixty Day Selechion=s) == =nne ree aeeeeeere 625 55.0 f 19.8 21.9 42.7 11.2 30.1 

Sixty Day eeecion 0 ee ees SS se 1897\ereeeeee 19.7 OF Zico meet Os 2g lerarestares\s : 

Midseason white: 

a Rustless’’ selection (Iowa No. 444).-.._. 724 ae a a an a8 ae 

MIVEDMine:. -b2cso nace ose eee 720 Bk : ; ‘ L 
Syedialee zie pcecaiicn See cmee eee eee 134 Sout 12.8 29.4 43.7 3.8 24.6 
Midseason black: 

Black Ameri canes eee a -eeee ee eee eee 549 61.9 12.3 | 26.4 28.5 1.9 26.2 


A selection from a variety at the Iowa station known as Rustless, 
Towa No. 444 and C. I. No. 724, somewhat similar to Silvermine, 
has been the highest yielder in the 5-year period at Burns, with an 
average yield of 34.2 bushels, compared with 31.0, 30.7, 30.1, and 
24.6 bushels from Silvermine, Kherson, er (C. I. No. 625), 
and Swedish Select, respecuively, 

While these experiments have not been of sufficient duration to 
warrant definite conclusions, indications are that the Silvermine 
type is slightly better than the Sixty-Day to grow in the Harney 
Valley, except where early maturity is a distinct advantage. 


RESULTS AT MORO.? 


The Kherson and Sixty-Day oats have been included in the coop- 
erative varietal experiments at Moro since the cereal work was begun 
there in 1911. In addition, three selections from the Sixty-Day, 


‘Compiled from unpublished annual reports of Mr. L. R. Breithaupt, formerly superintendent of the 
Harney Branch Experiment Station, to the Office of Cereal Investigations. Data obtained previous to 
1917 are summarized in U. S. Department of Agriculture Farmers’ Bulletin 800 (6). 

* Data obtained cooperatively by the Oregon Agricultural Experiment Station and the Bureau of Plant 
Industry. Data previous to 1917 were published in U. S. Department of Agriculture Bulletin. 498 (37) 
and in Oregon Agricultural Experiment Station Bulletin 144 (38). 
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two selections from the Kherson, and seven other varieties and selec- 
tions of oats have been grown at Moro for two or more years in the 
7-year period from 1911 to 1917, inclusive. The annual and average 
yields of these are presented in Table XLV. 

Taste XLV.—Annual and average yields of six early yellow and eight other varieties and 


selections of oats grown at the Eastern Oregon Dry-Farming Branch Experiment Station 
(at Moro) during two or more years in the 7-year period from 1911 to 1917, inclusive. 


{Data obtained in cooperation with the Oregon Agricultural Experiment Station.] 


Yield per acre (bushels). 


Average. 
Group and variety. C.I.No. 
1911 | 1912 | 1913 | 1914 | 1915 | 1916 | 1917 |’ 491 | 1914 | 1916 


to to | and 
1917 | 1917 | 1917 


Early yellow: 


HERRON Soe eis Saree Sar seineens 459 | 28.9 | 39.6 | 48.6 | 54.2 | 52.6 | 84.4 | 37.5 | 48.7 | 57.2] 61.0 
Stxty-Dayie eek ys. 5k 165 | 18.7 | 40.0 | 47.8 | 52.3 | 57.8} 83.8} 40.0 | 48.6 | 58.5] 61.9 
Sixty-Day selection.. 2 189) LUZ h Rove OO ss, | OSs dill e leeeesralise scree | erie r= meterrale eee ole 

ne TOS ORE aS Ae 165=1=1 ||. 2-22 es ZOMG | Ol. 9) 72s ees |e I'S. eS Ae SS 
noe MEE eee 1651s) a2 2 Se Se eee |kOon6) || Ove2n | SOsonl oie lees se | OO. dull 58.8 
Albion (lowa No. 103, 

WIT e) Stee 2 ee COAT cle Se || Te ae an a eae ee le Sa MORON eye. ctrl eerste Bie 

Richland (Iowa No. 105).. 1 Stale << eee ees Lee S659) a4 ON Gales | eee 63. 8 
Midseason white: 

Swedish Select............. 134 | 13.5 | 37.0} 40:7 | 37.2 ae 0 |105.9 | 28.8 | 44.3 | 54.7] 67.4 

Siberian......... ES. 635 | 30.8 | 35.6 | 53.7 | 37.0 | 58.3 | 99.6 | 29.1 | 49.2] 56.0] 64.4 

(Chvnperohicinat) «Se iris 8 a ae 444 | 17.1 | 38.4 | 46.4 | 45.2 a 9 | 68.8 | 28.4] 41.9 | 47.8 48.6 

Shadeland Climax......... 68115 | pees 44°3))-36..5) | 35.1 | 55.3 | 91.0 | 26.3 )_....- LEON Osea 
Midseason black: 

Black American -.......... D498 Koo. Lon woD MME OA nOos Oiled eek [te end | eee [inne tenon eer or 
Late white (side): | 

Stomnie Kin & 2 = = A422 55. Le O22= 16 hc_ 5. | OOS Gn|OSNOR Serce. lease ee cia eee oer ce 

White Russian.-........... * 636 | 13.7 | 28.1 30. 3 Pats aniaaeco soa 4 Gaksce Saree teal bse 


The results at Moro, as shown in Table XLV, are similar to those 
obtained at Burns. They indicate that there is little choice be- 
tween the early yellow and the midseason white varieties for growing 
in the Columbia Basin. The five varieties which have been grown 
during the entire 7-year period are Siberian, Kherson, Sixty-Day, 
Swedish Select, and Canadian, with average yields of 49.2, 48.7, 48.6, 
44.3, and 41.9 bushels, respectively. In the 4-year period, 1914 to 
1917, inclusive, a selection from Sixty-Day, 165-1, leads with an 
average yield of 60.1 bushels, which is 4.1 bushels higher than that 
of the Siberian, the best midseason variety, and 1.6 bushels higher 
than that of the original Sixty-Day. The earlier maturity of the 
Kherson and Sixty-Day varieties also must be taken into considera- 
tion, as earliness is frequently a decided advantage in this section of 
the country. 


Results in Washington. 


RESULTS AT PULLMAN. 


The annual and average yields of the Sixty-Day and four other 
varieties of oats grown at the Washington Agricultural Experiment 
Station at Pullman (33) in 1914 and 1915 are shown in Table XLVI. 
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TaBLeE XLVI.—Annual and average yields of the Sixty-Day and four other varieties of 
oats grown at the Washington Agricultural Experiment Station (at Pullman) in 1914 
and 1915. 


[Data compiled from Washington Agricultural Experiment Station Bulletin 129 (33).] 


Yield per acre (bushels). 
Group and variety. ees 
1914 1915 Average. 
Early yellow: 
SixtysDayiens o2teee Nadas oa haere arene no os. ee 661 69.6 84.9 77.3 
Midseason white: 
FAIDun dan Cea cere See ae ee ee sence oe tes 2 eee 759 87.4 76.1 81.8 
Ban ef Ses n= ho cme sesso Oe cee eee isc 2 + ees 764 80. 2 16.3 78.3 
Swedish! Selecta22eanes ae ese eae aie 2inre0 sa: 662 _ 15.4 81.0 78. 2 
Sparrow bi ee ee eee ee ons acs ee eee 741 76.0 77.0 76.5 


1 Not true Sparrowbill, which is a side oat; probably Danish. 


The few data presented in Table XLVI indicate that. there is little 
choice between the early yellow and the midseason white varieties for 
growing in the Palouse district of eastern Washington. ‘The average 
yields of the varieties in the two groups are about the same. 


RESULTS AT PUYALLUP. 


The average yields of the Sixty-Day and eight other varieties of 
oats grown from spring seeding at the Western Washington Agri- 
cultural Experiment.Station at Puyallup (40, p. 11-12) in the 3-year 
period from 1914 to 1916, inclusive, are shown in Table XLVII. 


Taste XLVII.—Average yields of the Sixty-Day and eight other varieties of oats grown at 
the Western Washington Experiment Station (at Puyallup) during 1914, 1915, and 
1916. 


[Data compiled from Washington Agricultural Shee Station Monthly Bulletin for April, 1917 (40, 
é pp. 1 : 


2 


Group and variety. ee Group and variety. milaiper. 
Early yellow: Bushels. || Midseason white—Continued. Bushels. 
ABSixtye Days: site eet sas aoe ESI, 7 White Bonanza....-.....--.-------- 54.7 
Midseason white: Canadian -{t ct a ener 53.4 
SwedishiSelectss-see-e ness seca: ao 63.2 || Midseason black: : 
UIP BOUL a wes rie con Nene eee 59.8 Blacks... goscne see octet eee ae 56.5 
Ligowo selection (Minn. No. 281).... 59.5 || Late white (side): 
Swedish Select (Shadeland Climax). 56.7 Sparrow billi.. -os2ss2-- cae coeeee ae 59. 4 


It is realized that the data contained in Table XLVII are too 
meager to be conclusive. However, they indicate that the best 
midseason varieties probably will outyield the Sixty-Day under 
western Washington conditions. The high rainfall and compara- 
tively cool growing season of the Puget Sound district naturally 
favor the larger midseason varieties. 


Results in California.t 


The Sixty-Day oat has been included in the cooperative varietal 
experiments at the Plant Introduction Garden at Chico, Calif., since 


' Data from unpublished annual reports of Mr. E. L. Adams, formerly assistant agronomist in charge of 
cerealexperiments at the Plant Introduction Garden, to the Office of Cereal Investigations. 
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they were begun in 1910. The annual and average yields of the 
Sixty-Day and four other varieties grown during four or more years 
of the 7-year period from 1910 to 1916, inclusive, are shown in Table 
XLVIII. Owing to the lack of land no varieties of oats were grown 
at Chico in 1917. 

Taste XLVIII.—Annual and average yields of the Sixty-Day and four other varieties of 


oats grown at the Plant Introduction Garden at Chico, Calif., for five or more years in 
the 7-year period from 1910 to 1916, inclusive. | 


[Data obtained in cooperation with the Office of Foreign Seed and Plant Introduction.] 


Yield per acre (bushels). 


Group and variety. ane Swereee: 
1910 | 1911 1913 1914 1915 1916 
1910 to} 1913 to 
1916 1916 
Early yellow: 
od OE eee Oba CC OSeCeE Ce 165 31.0 52.3 | 243.8 39.2 20.9 26.3 35.6 32.6 
Early red: 
ed Rustproof (Calif. Red).-..... 616} 24.3| 65.6] 41.8] 43.3] 27.3) 28.5} 38.5 35.2 
Midseason white: 
MM ATISHISIANG o-~coccasce wc ene ns SIGH AS Ses eeeeees Baad) alec! EEG) ieee se 32.9 
ULV ORIMINO = oc cea acai mis ciniwin nV oinin 520 Eon ee eee 23.0 38.5 17.0 PAIR SH eee = 25.0 
Winter: 
Winter Turf (Dewey)......-.....- TSO ners 88.7 36.3 36.7 24.8 2526 Sars 30.4 


1 Yields of oats not comparable in 1912; plats were badly infested with wild oats and other weeds. 
2 Average of four check plats. 


Reference to Table XLVIII shows that in the six years, 1910, 1911, 
and 1913 to 1916, inclusive, the Red Rustproof has outyielded the 
Sixty-Day by 2.9 bushels at Chico. In the 4-year period from 1913 
to 1916, inclusive, the difference is about the same in favor of the 
Red Rustproof. In this period the Danish Island also has slightly 
outyielded the Sixty-Day. These tests indicate that the Red Rust- 
proof is to be preferred to all others in the central valleys of California. 
This is in accordance with the experience of farmers, and as a conse- 
quence the Red Rustproof is the variety commonly grown in Cali- 
fornia, where it is known as California Red, or Common California. 


Conclusions. 


The average yield of the leading variety in each group at the 
stations included in the western basin and coast areas is shown 
graphically in figure 13. 

The results presented in Tables XLII to XLVIII, inclusive, show 
that the early yellow varieties, Kherson and Sixty-Day, are high 
yielders under dry-land conditions at all the stations west of the 
Rocky Mountains with the exception of Nephi, Utah. The climatic 
conditions at this station seem to favor the midseason varieties. 
In western Washington (Puyallup) the rainfall is too heavy for it 
to be classed as a dry-land section. At the other four stations 
usually one or more of the midseason white varieties have slightly 
outyielded the Kherson and Sixty-Day. 
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The ability of the Sixty-Day and Kherson varieties to yield as well 
as the midseason varieties and to mature 10 days to two weeks 
earlier gives a distinct advantage, and they therefore are to be recom- 
mended. 

RESULTS UNDER IRRIGATION. 

The Kherson and Sixty-Day oats are not extensively grown under 
irrigation. As a rule, the larger and later maturing varieties are 
grown, as they anal yield better. However, where the growing 
season is short the early varieties are desirable and often yield sur- 
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Fic. 13.—Diagram showing the average yields, in bushels per acre, of the highest yielding variety of cach 
of several groups of oats at seven agricultural experiment stations in the western basin and coast areas 
during the periods of years indicated. 


prisingly well. Cooperative varietal experiments with Kherson and 
Sixty-Day oats have been conducted under irrigation at Newell, 
S. Dak., and Aberdeen, Idaho, for six and five years, respectively. 
In addition, results of experiments with Kherson and Sixty-Day oats 
under irrigation conducted independently by the Nevada and Mon- 
tana agricultural experiment stations at Reno and Bozeman and at 
the Gooding (Idaho) substation are presented herewith. 

The general physical conditions at these stations are shown in 
Table XLIX. 

Under irrigation, precipitation naturally ceases to be a limiting 
factor in crop production, and because of the availability of an ample 


4 
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water supply the period of plant growth is lengthened somewhat. 
As the oat plant requires large quantities of water for its best develop- 
ment, high yields of grain of excellent quality usually are produced 
in irrigated districts. 

TapitE XLIX.—Altitude, average annual and seasonal precipitation, mean seasonal 


temperatures, and general soil types at five experiment stations in the northern Great 
Plains and western basin areas. 


Climatological data. 
c Average = + ° 
Station. | ee Length precipitation. |/Meam temperature (°F.).! General soil type. 
: d 
record. ; 
Annual. Spe June. | July. | Aug. 
Feet. | Years.| Inches. | Inches. 
Newell, S. Dak....-.-| 2,950 9] 13.98 9.20 65.0 72.0 69.0 | Sandy loam. 
Bozeman, Mont....-- 4,700 35] 18.60] 10.97] 258.7] 265.8] 264.3 
Aberdeen, Idaho...-- 4,400 6 9.80 MAG crea alles tl aaical ete ate Sandy clay loam, lava 
ash. 
Gooding, Idaho.....- 3, 600 7 9.20 2.92 62.3 70.1 68.5 | Medium clay loam. 
Reno, Nev..--------- 4, 532 22 8.65 2.15 62.4 69.8 69.2 
1 April to August, inclusive. 2 Twenty-nine year average. 


Results under Irrigation in South Dakota. 


The Sixty-Day oat has-been included in varietal experiments con- 
ducted under irrigation at Newell since 1912. The annual and aver- 
age yields of the Sixty-Day and of three other varieties which have been 
grown during the 6-year period from 1912 to 1917, inclusive, to- 
gether with the yields of one variety grown during three years, are 
given in Table L. 


TasLe L.—Annual and average yields of the Sixty-Day and four other varieties of oats 
grown under irrigation at the Belle Fourche Experiment Farm, Newell,S. Dak., during 
three or more years in the 6-year period from 1912 to 1917, inclusive. 


[Data obtained in cooperation with the Office of Western Irrigation Agriculture and since 1912 with the 
South Dakota Agricultural Experiment Station.] 


Yield per acre (bushels). 
| 
\verage. 
Group and variety. oe i | 
; 1912 1913 1914 1915 1916 1917 | | 
| 1912 | 1914 
ees) to 
| 1917 1917 
Early yellow: 
SERS DAV ccisin sipiaiae = 165 25. 0 47.1 Pp) 34.0 28.8 51.5 36.5 36.7 
Midseason white: . 
Swedish Select........... 134 35. 2 33. 0 41.6 46.5 36.9 54.6 41.3 44,9 
Wanadian es. beeen secs: 444 31.2 39.3 42.4 44.7 20. 2 65. 8 41.4 44.5 
Unnamed WARS Socad crate aise CCAS RRR (Se 50. 7 51.8 37.4 OleOle scwiacs 49.4 
Late white (side): 
White Russian.......... 551 41.4 33.7 48.6 52.8 42.1 o6. 2 45.8 49.9 


1 Similar to Swedish Select; original seed supposed to have been obtained from Norway. 
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The results shown in Table L decidedly favor the midseason and 
late varieties for growing under irrigated conditions similar to those 
at Newell. Of the four varieties under experiment during the full 
6-year period the White Russian leads with an average yield of 45.8 
bushels, as compared with 36.5 bushels for the Sixty-Day, a difference 
of nearly 10 bushels. In the 4-year period from 1914 to 1917, inclu- 
sive, the White Russian and a local variety similar to Swedish 
Select lead with average yields of 49.9 and 49.4 bushels, respectively, 
as compared with an average of 36.7 bushels for the Sixty-Day during 
the same period. 


Results under Irrigation in Montana. 


The average yields of the Kherson, the Sixty-Day, and eight other 
varieties of oats grown under irrigation at the Montana Agricultural 
Experiment Station at Bozeman (2) in the 5-year period from 1907 
to 1911, inclusive, are shown in Table LI. 


Taste LI.—Average yields of the Kherson, the Sixty-Day, and eight other varieties of oats 
grown under irrigation at the Montana Agricultural Experiment Station (at Bozeman) 
during the 5-year period from 1907 to 1911, inclusive. 


[Data compiled from Montana Agricultural Experiment Station Bulletin 84 (2).] 


. Yield . Yield 
Group and variety. per acre. Group and variety. per acre. 

Early yellow: Bushels. |} Midseason white—Continued. Bushels. 

SExbYy=Dayiers sscec cece sence cece see nee 73.9 Siberiansy.ce2coe-ceenedeee es eee ees 98.3 

IGHens ONem ace see ieee eam eceesseee # 82.0 Swedish Select......-...-.-.-------- 97.9 
Early white: Late white (side) 

Early Champion...........-.-------- 70.9 Sparrowibillcee es aes ee eeeeas 93. 1 
Midseason white: Partarkein ge o5 2 oe. aes ccee eee 90.0 

IBANNED ios csicnioe semen eer ee cere tee 102.3 White Lartar..5- 2.5545. e eee 80.2 

Danishy. ios oc joakassdecwaes seeeeeecs 100.0 


Reference to Table LI shows that both the midseason and the late 
varieties have materially outyielded the Sixty-Day and Kherson at 
Bozeman on irrigated land. Banner, the highest yielding midseason 
oat, has exceeded the Kherson and the Sixty-Day in average yield 
by about 20 and 30 bushels, respectively, during the 5-year period. 
As indicated by these results, it is usually more profitable to grow the 
midseason and late varieties under conditions similar to those at 
Bozeman, unless for some reason an early-maturing oat is required. 

In a recent publication (3, p. 166-167) the Montana Agricultural 
Experiment Station reports that Ontario A. C. No. 72, a selection 
from Siberian imported from Canada, yields best under irrigation. 
During the past four years it has averaged 119.4 bushels per acre. 
Other varieties showing high average yields under irrigation were 
Myrick, Silvermine, Belyak, and Banner with yields of 114.9, 113.9, 
110.1, and 109.6 bushels per acre, respectively. 
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Results under Irrigation in Idaho, 


RESULTS AT ABERDEEN.! 


The Kherson and Sixty-Day oats have been included in the cooper- 
ative varietal experiments conducted under irrigation at Aberdeen, 
Idaho, since 1913, when experimental work was begun at that sta- 
tion. Albion and Richland, two selections of Kherson from the Iowa 
station, were added to the tests in 1916. In Table LIT the annual 
and average yields of these and seven other varieties grown at 
Aberdeen during two or more years in the 5-year period from 1913 
to 1917, inclusive, are presented. 


Taste LII.—Annual and average yields of the Kherson, Sixty-Day, Richland, Albion, 
and seven other varieties of oats grown under irrigation at the Aberdeen (Idaho) substation 
during two or more years in the 5-year period from 1913 to 1917, wncluswe. 


[Data obtained in cooperation with the Idaho Agricultural Experiment Station.] 


Yield per acre (bushels). 


Group and variety. seh ENR 
1913 1914 1915 1916 
1913 to |1916and 
1917 1917 
Early yellow: 

Grsoneews- a2 sassy ete Soe ls 423 88.7} 110.0} 160.2) 119.2] 116.2] 118.9] .117.7 
LMA Vee etis osine aie cin lejos cela 165} 103.0}. 101.4 161.9 98.5 90. 6 111.1 94.6 
Albion (Iowa No. 103, white)... .. LE ERB cee sc Soo bee apeiceice LOGE PSs Ieee cece 114.7 
Richland (Iowa No. 105)......-.. 18% | ccreicrarsee [Deel oe wiecles 14S 20 1O9NS i eee cecee 111.8 

Midseason yellow: 
GoldentRain ec ccs sone cec cine cesta 493 | 126.2 98.8 | 153.5] 111.0 110.6 | 120.0 110.8 

Midseason white: : 

Early Mountain.................. 754 103. 8 120.3 158. 5 111.0 111.8 121.1 111.4 
Silviermines so 2. oes cece 720 102. 2 1138. 4 163. 6 106. 2 109.3 118.9 107.8 
Swedish Select....... eee 134 | 1104.2 97.1 163.6 93.7 102.5 112. 2 98.1 
“‘Rustless”’ selection . 5d 724 | 108.8] 120.3| 158.5] 268.7] 120.6] 114.4 94.7 
COMERS soca ccocccnisisnaisecag = 756 73.1 115.6 | 163.6 96. 2 98.1 109.3 97.2 

Late white (side): 
UU UTS We rac hes raja lcisreye « 759) |. DOG520 |e LOONSn | LQSr Melee cere |lemeinere =o | ne stscierers | sectors te 


1 Average of two check plats. 
2 Yields not comparable, due to poor stand resulting from seed treatment for smut. 


Reference to Table LII shows that of the eight varieties which 
have been grown for five years the Early Mountain and Golden Rain 
only slightly outyielded the Kherson, with the Silvermine equaling 
the Kherson in yield. All of the midseason varieties except Lincoln, 
however, have outyielded the Sixty-Day in that period. In the 
2-year period, 1916 and 1917, the Kherson has outyielded all others. 
The Albion (Iowa No. 103), a white selection from Kherson, has aver- 
aged only 3 bushels less. Indications are that this new oat is of con- 
siderable promise for irrigated conditions in southern Idaho. 


1 The data here presented are from unpublished reports of Mr. L. C. Aicher, the superintendent of the 


Aberdeen substation, to the Office of Cereal Investigations. 
e 


| 
| 
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Tartar King, the one late side va- 
riety which has been tested, has fallen 
decidedly below both the early and 
midseason varieties in average yield 
per acre and has been discarded. <A 
panicle and spikelets of Golden Rain, a 
midseason yellow variety of oats, are 
shown in figure 14. 


RESULTS AT GOODING. 


Average yields of the Kherson, the 
‘Sixty-Day, and eight other varieties of 
oats grown during one or more years 
in the 6-year period from 1910 to 
1916, inclusive, under irrigation at 
Gooding, Idaho (48), are shown in 
Table LITT. 

Unfortunately, the Kherson and the 
Sixty-Day were included in the ex- 
periments at Gooding during only one 
year, and as a result sufficient data on 
these varieties are not available to 
justify drawing definite conclusions 
regarding theirvalue. The datashown 
in Table LIII indicate, however, that 
the best midseason white varieties will 
probably outyield them in most years. 
The contradictory results obtained 
here and at Aberdeen are perhaps due 
to the lower altitude at Gooding, with 
Fig. 14.—Panicle and spikelets of a mid- the resultant longer and warmer grow- 


season yellow variety of oats, Golden A Z 
Rain. Ing season. 


TasLe LIIT.—Average yields of the Kherson, the Sixty-Day, and eight other varieties of 
oats grown under irrigation at the Gooding (Idaho) substation during one or more years 
in the 6-year period from 1910 to 1916, inclusive. 


[Data compiled from Idaho Agricultural Experiment Station Bulletin 93 (48).] 


jLength| Yield Length |} Yield 
Group and variety. (0) per Group and variety. ~ of per 

record.| acre. | record.| acre. 
Early yellow: . Years. |Bushels. || Midseason white—Continued. Years. |Bushcls. 
Kh ersOne oaijede tears oS oe 1 71.1 WACKOLY.. .c.ccmeccnetes seme 6 86. 6 
Sixty-Dayatheest ce tooo e eee 1 61.0 Danish Tslands 23s yess 6 86.6 
Midseason yellow: imcoln. >. 2. easseeeeaee ep 6 86.2 
Goldenshaines se. sssenee ees 6 83. 4 Swedish Selects-2 oases see 5 96. 6 
Midseason white: Wisconsin Pedigreed No. 1...- 4 96.5 

ColoradosNo: oie22- esse pe eee 6 88.2 || Late white (side): 

Big Mourn see so: ee Cte 6 87.4 White Russiam........-.-.... 5 82.4 
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Results under Irrigation in Nevada. 


The annual and average yields of the Kherson, the Sixty-Day, and 
—geveral other varieties of oats grown under irrigation at the Nevada 
Agricultural Experiment Station at Reno (22, p. 31-34) during two 
or more years in the 3-year period from 1914 to 1916, inclusive, are 
shown in Table LIV. 


Taste LIV.—Annual and average yields of the Kherson, Sixty-Day, and nine_other 
varieties of oats grown at the Nevada Agricultural Experiment Station (at Reno) during 
two or more years of the 3-year period from 1914 to 1916, inclusive. 


[Data compiled from Nevada Agricultural Experiment Station Bulletin 89 (22, p. 31-34).] 


Yield per acre (bushels). 


Group and variety. ’ SEES 
1914 1915 1916 
1914 to | 1915 and 
1916 | 1916 
Early yellow: 
USOT erste a craic c asin Mette Mele eee ate we eee 44.5 51.8 31.1 42.5 41.5 

SIDUTELDEN 2 Se 6 Cane Beato pee DEC BOOsbeorebre ane 21.7 20s Dal Easton Senllisterajeiseieie cies ielee'ele meat 
Midseason white: 

Ibe [NGS Se See eee = eC Sa eee Be ee 25.4 59. 2 50. 4 45.0 54.8 

A ETOTE NO MO elec ancien sicoe ken S aire sie «ics ah 20. 7 69. 5 41.9 44.0 55. 7 

IDENT RIG) 2 SS rs Ree a - 35. 1 52.4 46.7 44.7 49.6 

Bibemmame aaeer seat cee csseccc ccc ssee ce eds Soetecee 24.6 64.5 45.0 44.7. 54.8 
Midseason black: 

LEELA Ta/s\a ea CSTE TI ASRS ge SE = 57.6 GOS le neeryeees 59. 1 

Missouri Black3.......-.---.-- Bieeielsi- =. <a 12.6 63. 1 39.9 38. 5 51.5 
Late white (side): 

shommenlbee ot oe Se eet cc ee HeaemeOe Pease 35.8 BP CM SS sr See erecta eae eet ae 


1 Probably identical with Lincoln. 2 Cereal Investigations No. 549. * Probably Monarch. 


The data shown in Table LIV are the yields from very small 
plats, not replicated sufficiently to eliminate a high percentage of 
experimental error. The midseason varieties outyielded the Kherson 
and the Sixty-Day by a sufficiently wide margin, however, to indicate 
that they are to be preferred for growing under irrigation in western 
Nevada, although climatic conditions appear to favor early oats. 

In reporting his results, Professor Knight states: 

The lack of humidity together with the intense heat of the sun during the ripening 
period often causes the panicles to blast and turn white before the grain is fully devel- 


oped and while the culms and leaves are still green. When affected this way, a large 
portion of the oats shatters to the ground before and during harvest. 


Conclusions. 


The average yield of the leading variety in each group at the 
stations where experiments have been made under irrigation in the 
northern Great Plains and western basin areas is shown graphically 
in figure 15. 

From the data presented in the preceding pages it appears that 
in irrigated districts where early frosts may be expected the early 
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yellow varieties are to be recommended. Otherwise, the midseason 
white varieties, such as Silvermine, Swedish Select, and Early Moun- 
tain,.are the most desirable for growing under irrigation in the 
western United States. 


BUSAELS 10 22 ONE IO =i SO 60 70 GO 90700 110 120 KIO 
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Fic. 15.—Diagram showing the average yields, in bushels per acre, of the highest yielding variety of each 
of several groups of oats under irrigated conditions at four agricultural experiment stations in the northern 
Great Plains and western basin areas during the periods of years indicated. 


SUMMARY OF DATA. 


The name and average yield of the highest yielding variety of early . 
oats grown under humid, subhumid, semiarid, or irrigated conditions, 
at each of the 48 stations discussed in this bulletin, are shown in 
Table LV. In parallel columns also are presented the names and 
average yields of the highest yielding midseason and late varieties, 
which were grown at the stations in the same period of years except 
where otherwise indicated. The length of the periods is indicated 
in the second column. 

TasLe LV.—Average yields per acre of the highest yielding variety of early, midseason, 


and late oats grown under humid, subhumid, semiarid, or irrigated conditions at 48 
experiment stations in the United ‘States. 


honcin Variety. 
Section and station. of 
record Early. Yield.| Midseason. | Yield. Late. Yield. 
North Atlantic (humid): | Years. Bush. Bush. Bush. 
Oronoy Mes peers seen 6 | Kherson......| 63.4 | Banner.......| 69.7 | Senator....... 56. 4 
Durham, N.H......... CY | ae dons eee 35.6 | Hamilton -.... 39.3 Long's White 42.2 
artar. 
Ithaca, N. Y. Bee 11 | Sixty-Day.. 56. LifiWelecome-=2 52 .|) <59:.05| Sseeeeee ene see ae 
State College, P Pa. p | eee doe iss.e3 64.5 | Joanette2..... 60.7 | Long’s White 61.9 
East North-Central Tartar. 
States (humid): 
Wooster, Ohio........- 9 | Sixty-Day.-...| 68.2} Siberian.......) 71.3 | Long’s White 65. 2 
Tartar. 
undue wind eeseerer see 4} Red pelt st-| 48.7 | Great Dakota-| 54.0 |........-....--.|--..... 
proof. 
Madison, Wis....--..--- 3 | Sixty-Day.-.-.-| 57.6 Was c on sin | 41.0 | White Russian) 30.8 
onder. 
DeykKalip wus aso eceec Ae aie Gers: .----| 54.2) Schoenen.....- G18 ser RSE pateren |e eee 
Witlspmey We seeatcosos BR eee 58.1 [VSibertan ..<. 22:20 Sse eeeeemeeeee lneeiacine 
airtel dy Wille. sae 2 ited” oR ust-| 47.1 | White Bonan-| 35.0.|.....-1.-.2cccec|c0-cooe 
proof. 4 Za. 


1 Average for two years only. 

2 The average vield for the ieee white variety, Japan, is 60 bushels. 
3 The average yield for the Sixty-Day variety is 47.2 bushels. 

4 The average yield for the Sixty-Day variety is 37.3 bushels. 
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Tasie LV.—Average yields per acre of the highest yielding variety of early, midseason, 
and late oats grown under humid, subhumid, semiarid, or irrigated conditions at 48 
‘experiment stations in the United States—Continued. 


Variety. 
Length 
Section and station. O_O 
record. Early. Yield.| Midseason. | Yield. Late. Yield. 
West North-Central | 
States (humid to sub- 
humid): Years. Bush. Bush. Bush. 
St. Pauli, Minn........ 3 | Sixty-Day....} 61.1] Myrick Banner| 60.5 | White Russian} 52.4 
Crookston, Minn....... Bibles Onna eel ooaealesane Oscars. | 57.4 jose - dor ss22.23 52. 8 
Grand Rapids, Minn Dil eksherson’: acai Staaten = ee sac|( 79.004 GOveee ecu 78.9 
Fargo, N. Dak wae assis 7 | Sixty-Day....| 63.5] Big Four.....| 59.8] Tartar....... 60.8 
Brookings, 8. Dak..... WAS} des dO: ss: -L bed OsmimEmweaishiselect|(%47..9)|oo3s2 4-22. siiae eee 
Ames, Iowa. ....-.--..- 7 | Richland...... 60.5 | Silvermine....| 57.6 | White Russian} 46.1 
Lincoln, Nebr.......-. 14 | Burt?......... 58.2 | Swedish Select| 47.2|................|.-...-- 
Manhattan, Kans....-. 7 | Red Algerian?.| 40.9 | Green Russian| 35.3 |.-.-..-.--.-----|-----.- 


Lower Mississippi Valley 


(bumid): 
Knoxville, Tenn.....-. 5 | Kherson 3._... 611,02). | Sone eEneee bee seeel eroer iodo se epoaod osetia 
Carthage, 1 ee 4 | Red ust-| 24.5] Lincoln....... 23.5 | White Tartar .| 25.2 
proof. 4 
Fayetteville, Ark...... Gi |) Jey hte OR koe ah, Cl. bop opabtebenece boceeselluedr sogasessscec|se25-- 
McPherson, Kans...... 4 | Sixty-Day®..| 37.6 | Canadian...... 22.6 | White Tartar--| 26.8 
Denton, Lex... 5.2... By A sci Ue eS See... | -oedoseeeaseeces pcachas| eooseeeanece sees laces S 
proof.? 
Northern Great Plains | 
(semiarid): | 
Moceasin, Mont-....... 9 | Sixty-Day..-..| 58.3 | SwedishSelect} 46.0 | White Tartar® 24.7 
Williston, N. Dak..... LOM eee do..-...--.| 50.6 | Abundance...| 71.5 | White Russian} 61.5 
Dickinson, N. Dak.... 11 | Kherson...... 51.1 | Golden Rain..| 53.5 |--.-- OW scoaescse 39. 2 
Mandan, N. Dak...... 2 | Sixty-Day...-| 43.9 |....- donee eee 49.0 |----- dotree ee. e258 
Langdon, N. Dak..... ill doae do.......-.| 41.2 | Siberian ....... Da ASeeee ClOnssecacec| G48 
Edgeley, N. Dak...... fe} lceoce O\eocdesea|) LYh4! iss GOsstcss-ce|) GES looses doisea eee aed 
Newell, S. Dak........ 5  @iledaae do...-...--| 40.9 | SwedishSelect| 31.8 |...-.- donee ees se 2054 
Cottonwood, S. Dak... ONieeRee doe seers AOROH I: Oe BR TAL ose aor asee eee cesee ae 
Eureka, S. Dak........ @) loceoe doseees-eee Sie. 52 OO Setesecael lass? bon BeBe speaeeee wee a eerae 
Highmore, S. Dak..... 1G ace 02: 25-42.) ES aOn| pees Cobre eee] BOGS has are eee eee ee 
North Platte, Nebr.... 6 | Kherson. ....- 3, (ode sh eeee Marsa 64 EeAepHe cera eree ees ae 
Archer, Wy0-.'..-..--- 5 | Sixty-Day...-| 21.7 | Swedish Select | 26.4 Blade Tarta- 20.9 
an. 
Akron, Colo....<5----- 10 | Kherson.....- 38.9 | Colorado No.37| 36.6 | White Tartar9 26.5 
Southern Great Plains 
(semiarid): : 
Hidys) Kans®-.-22-..-2 ANP Burt << Sixty= "| Pans |eees cesses oscale bots nae Been Seie seca ooh el | lersoatls 
Day hybrid. 
Amarillo, Tex.......-. . fined: Alperiant0 SOONG se sea 2 ea sal mee Irene ce, se eenem S| heal rere 
Western basin and coast 
areas (semiarid): 
Nephi, Utah........... 10 | Sixty-Day...-| 15.5| SwedishSelect} 20.6 |.....-.........-|--..--- 
Aberdeen, Idaho...... 3 eases GNC ad Sr eiel| bil) CORTESE le BYROT soe ye eel eae 
Burns, Oreg....------- 5 | Kherson. -...-. BU Besias done BINDh cases ceaeoeslee meres 
GTO). ONG S Coe eeeeneAe : Of coos cescesc6 ASS Tal Siberian eee ena One cane ies ew aaa ee 
Pullman, Wash.. ..--- 2) eSixty-D ayer os edie pUnGdancessm| eles lseseemenes neem alemmens 
Puyallup, Wash....-.--. Sulsasce do...-....-| 51.7 | SwedishSelect| 63.2] Sparrowbill...| 59.4 
Chico, Calif...........- 4) Red Ruist=") 552%) Danish Island®|) 32:9) |--25.---------23|_- 222: 
proof. 1 
Northern Great Plains 
and western basin 
areas (irrigated): 
Newell, S. Dak......-. 6 | Sixty-Day...-| 36.5 | Camadian.....| 41.4 | White Russian) 45.8 
Bozeman, Mont. - 5 | Kherson. ..-.- 82.0 | Banner. . -..--| 102.3 | Sparrowbill...| 93.1 
Aberdeen, Idaho By haeed do.........| 118.9 erly Moun=s| 121 eae ee eee neenlteseoce 
ain. 
Gooding, Tdaho.....--- Gy ae sere doit: Seen 71.1 | Swedish Select} 96.6] White Russian} 82.4 
Reno; Nev. .<.-------- Silleneere do-.-.-52-.|)) 420591) Bip Hour. -5- 45.0 | Sparrowbill?2.| 43.8 


1 The average yield for the Kherson variety is 55.0 bushels. 

2 The average yield for the Kherson variety is 36.9 bushels. 

3 The average yield for the Burt variety is 31.1 bushels. 

4 The average yield for the Kherson variety is 24.4 bushels. 

5 The average yield for the Kherson variety is 31.3 bushels. 

6 The average yield for the Georgia Rustproof variety is 34.6 bushels. 
7 The average yield for the Sixty-Day variety is 38.4 bushels. 
8 Average for four years only. 

9 Average for six years only. 
10 The average yield for the Sixty-Day variety is 18.9 bushels. 
11 The average yield for the Sixty-Day variety is 32.6 bushels. 
12 Yield for one year only. 
13 Average for two years only. 
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The summary of average yields presented in Table LV indicates 
that at more than 50 per cent of the stations under a wide range of 
climatic conditions, early varieties have outyielded midseason and 
late varieties. The early varieties, Kherson and Sixty-Day, have 
given the best results in the warmer humid, subhumid, and semiarid 
sections. Late varieties have been superior in yield to those of the 
midseason group at only a few stations. 


GENERAL CONCLUSIONS. 


In general, the early varieties, Kherson and Sixty-Day, yield well 
in most of the spring-oat sections of the United States. 

In New York and the New England States the best midseason 
varieties, such as Welcome, Banner, Lincoln, Swedish Select, etc., 
outyield the Kherson and Sixty-Day and therefore are recommended 
for growing. 

In the higher central and western portions of Pennsylvania, and 
in western Maryland, northwestern Virginia, and West Virginia, 
early varieties are superior to midseason or late varieties. 

In Ohio there is little choice between early and midseason varieties. 
Results in-Indiana favor the midseason varieties for the central and 
northern sections of that State. 

In central Illinois strains of the Kherson or Sixty-Day type out- 
yield those of the midseason varieties and are preferable for this 
section. In northern Illimois the midseason varieties are slightly 
superior. 

In southern Indiana and Illinois the early red varieties, such as 
Red Rustproof and Burt, are the most dependable. 

In Michigan and Wisconsin, where conditions are similar to those 
of New York and New England, midseason varieties outyield the 
Kherson and Sixty-Day and are recommended. 

In most sections of Iowa and in southern Minnesota, southeastern 
North Dakota, and eastern South Dakota, early oats are well adapted 
and outyield practically all other varieties. 

In northern Minnesota midseason varieties apparently are best 
adapted. 3 

In the eastern half of Nebraska, Kansas, and Oklahoma, in Mis- 
souri and Arkansas, and in western Kentucky and Tennessee, early 
oats are best adapted. In general the early red varieties, Red Rust- 
proof and Burt, take first rank, with the Kherson and Sixty-Day 
close competitors in many districts. 

Inthe southern Great Plains under semiarid conditions early 
varieties are superior. Red Rustproof, Red Algerian, and Burt are 
the best adapted varieties, with Kherson and Sixty-Day the next 
best. However, the latter are not as close competitors in this section 
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as in the subhumid portion of the section just to the east, mentioned 
in the preceding paragraph. 

Except at the higher altitudes in the northern Great Plains and 
at the extreme north, Kherson and Sixty-Day oats usually slightly 
outyield other varieties. In central and western North Dakota the 
climatic conditions usually favor the larger midseason varieties. 

In the western basin and coast areas, under dry-land conditions, 
Kherson and Sixty-Day produce nearly as high yields as the best 
midseason varieties and frequently are preferable, especially in 
those sections with high altitudes and a short growing season. 

Under irrigation in the western United States, midseason white 
varieties, such as Silvermine, Swedish Select, and Early Mountain, 
are the most desirable to grow, except that in sections where early 
rosts may be expected the early varieties, Kherson and Sixty-Day, 
are recommended. Better results than were expected have been ob- 
tained from these early short-strawed varieties when grown under 
irrigation in comparison with the larger and later varieties. 


YIELD OF STRAW, eee WEIGHT, AND IMPROVEMENT 
AT : 


Primarily because of the characteristic short, slender culms of the 
Kherson and Sixty-Day varieties, they do not produce large yields of 
straw. In sections where straw is relatively valuable for feed, 
varieties that are low in yield of straw frequently are undesirable. 
- On the average, these early varieties produce from 20 to 30 per cent 
less straw than the midseason varieties. 

In weight per bushel, oats of the Kherson and Sixty-Day type 
usually fall several pounds below the larger kerneled midseason 
varieties. This lower weight per measured bushel, however, is more 
than offset by the lower percentage of hull, which gives them a higher 
feeding value than other varieties. 

One of the objections made most frequently against the early 
varieties, Kherson and Sixty-Day, is the yellow color of the kernel. 
In order to eliminate this somewhat undesirable character a number 
of white-kerneled strains have been developed by selection from the 
original varieties. Several of these are of considerable promise and 
are now being grown commercially. Some excellent yellow strains 
also have been developed. Of these, the most conspicuous is the 
Richland, a very high-yielding short-strawed variety developed by 
the Iowa Agricultural Experiment Station, in cooperation with the 
Office of Cereal Investigations. As yet no variety of any impor- 
tance has been developed from crosses between the Kherson or 
Sixty-Day and other varieties. 
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PURPOSE OF INVESTIGATION. 


As in the case of many other products derived from natural sources, 
sophistication and adulteration of insect powder have been largely 
practiced, much to the detriment of the industry. The most serious 
form of such adulteration has been the addition of the powdered 
stems of the plant to the powdered flowers, which, in some eases, 
has been carried to the extent of complete substitution. The work 
reported in this bulletin was undertaken for the purpose of devising | 
methods for the quantitative determination of such adulteration and 
for determining reasonable allowances in the amounts of stems and 
acid-insoluble ash in insect powder. 


DEFINITION. 


The Insecticide and Fungicide Board of the United States Depart- 
ment of Agriculture (143) ! recognizes as insect powder an insecticide 
made from the powdered flower heads of the following species of 
Chrysanthemum: 

1. Chrysanthemum (Pyrethrum) cinerarizfolium (Trev.) Bocce. 

2. Chrysanthemum (Pyrethrum) roseum Web. & Mohr. 

3. Chrysanthemum Marshall Aschers. (synonym, Pyrethrum car- 
neum M. B.). 


1 References given by number to bibliography on p. 83. 
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Pyrethrum is a section of the genus Chrysanthemum, which 
belongs to the Composite. The following good description of the 
two species of Pyrethrum commonly used for preparing insect powder 
is given in Bailey’s Standard Cyclopedia of Horticulture, vol. 2, 
p. 757 (New York, 1914): 

Chrysanthemum coccineum, Willd. (Pyrethrum roseum, Bieb., not Web. & Mohr., 
P. hybridum, Hort.). Glaubrous perennial, 1-2 ft. high; stem usually unbranched , 
rarely branched at the top; leaves thin, dark green, or in dried specimens dark brown; 
involucral scales with a brown margin; rays white or red in such shades as pink, 
carmine, rose, lilac, and crimson, and sometimes tipped yellow, but never wholly 
yellow. Caucasus, Persia. 

Chrysanthemum cinerarizfolium, Vis. Glaucous perennial, slender, 12-15 in. high; 
stems unbranched, with a few short, scattered hairs below the flower; leaves long- 
petioled, silky beneath, with distant segments; involucral scales scarious and whitish 
at the apex. Dalmatia. 

HISTORY. 


While all accounts of the early history of insect powder do not 
agree, the fact that the flowers of certain species of Pyrethrum 
possessed the property of killing various insects was known to the 
people of eastern Europe more than a century ago. Thus, according 
to Siedler (257), insect flowers have been known for more than 100 
years in Dalmatia, under the name ‘‘Polvere de Pulisi.”’ 

The first published reference to the nature of insect powder was 
made in 1851 by Koch (161), who stated that the flowers of P. roseum 
and P. carneum yield the celebrated Persian insect powder. Another 
early writer on insect powder stated that its nature was kept a secret 
from western Europe until early in the nineteenth century, when 
Sumttoff (5), an Armenian merchant, while traveling in the Caucasian 
region, discovered that insect powder was made from the ground 
flower heads of Pyrethrum roseum and P. carneum. In 1818 Sumt- 
toff’s son began the manufacture of the powder on a large scale, and 
about the same time the powder was first exported in large quantities 
to European countries. It is said, however, that for some time 
before 1818 Russia had been consuming upward of 200,000 pounds 
annually. Browne (38), Riley (223), and several later writers give 
the same account of the discovery of the nature of insect powder, 
except that the name of the first manufacturer appears as Jumtikoff 
(7), and the first year of manufacture as 1828. Noodt (205), in 1858, 
stated that insect powder was known to the inhabitants of Trans- 
caucasia as ‘‘guirila.” In this connection it may be of interest to 
know that the name Buhach, applied to insect powder made from 
flowers grown in California, is derived from the Slavonic word Buha, 
which signifies a flea. The word Buhach, however, does not appear 
in the Slavonic language (55). 

According to MacOwan (184), the nature of insect powder was made 
known to Russian military authorities in the Caucasus by some 
Tcherkess prisoners. The cantonments there swarmed with fleas 
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that could apparently be destroyed only by a powder prepared from 
Pyrethrum roseum, the secret of which was known to the natives. 

As to the discovery and history of the Pyrethrum cinerariefolium, 
from which the Dalmatian insect powder is prepared, still less seems 
to be known, but it is probable that its history has been very similar 
to that of the Persian powder. De Visiani (67), in 1854, first men- 
tioned the use of the plant as an insecticide, and Frontali (88), writing 
in 1858, remarked that the powder prepared from the flowers of 
P. cinerarixfolium had been used for many years in destroying certain 
insects. Riley (222), in 1881, stated that it was impossible to obtain 
definite facts on the cultivation of this plant in its native home, as 
the inhabitants were unwilling to give information concerning a 
plant the product of which they wished to monopolize. Similarly, 
ereat difficulty was experienced in securing even small quantities 

‘of the seed of P. cinerarizfolium that had not been baked or otherwise 

treated to prevent germination. Jiittner (150) quotes from an article 
which traces the discovery of the effect of the flowers of this plant on 
insects back to 1840, when a German woman, Anna Rosauer, who 
lived in Ragusa, Dalmatia, picked, for decoration, a bunch of wild 
flowers, which later, as they became withered, she threw into a 
corner. After several weeks she noticed that many dead insects lay 
near the flowers. This led to the discovery that the death of the 
insects was due to some virtue possessed by the flowers, whereupon 
she undertook the production of insect powder. After her death a 
pharmacist of Ragusa continued her work. 

According to Linke (173) Persian insect powder was introduced 
into Europe in 1846, at Vienna, by Zacher] of Tiflis. Willemot (294) 
states that the first powder of Pyrethrum was introduced into France 
for the destruction of certain household insects in 1850. The powder 
came exclusively from provinces of the Caucasus, Persia, and Dal- 
matia, that from the former being the best, according to the researches 
of Willemot. 

This powder was introduced into the American drug market 
shortly before 1860 (1). Owing to the fact that no figures on the pro- 
duction in this country are available, and the importation statistics 
are incomplete, the total amount consumed in the United States can 
not be accurately-stated, but it is certainly in excess of 500,000 pounds 
annually. According to the committee on the drug market of the 
American Pharmaceutical Association (159,160,191), the importa- 
tion of insect flowers and powder at the port of New York for the 
fiscal years 1885 to 1887, inclusive, was as follows: 

TaBLE 1.—Importations of insect flowers and powder at the port of New York, 1885 to 1887. 


Product. 1885 1886 1887 
3 Pounds. Pounds. Pounds. 
165, 505 240, 170 262, 000 
PMSECUPOWOED oosecen sere Set oe sone cose on oes See e Eee eee 456, 609 302, 817 335, 000 


SAG ONCES S226 9a tp poe Ck a gE SE ik. ae A Ro eek oes | 


622, 114 542, 987 597, 000 
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In 1913 not less than 200,000 pounds of insect flowers and stems 
were imported at the port of New York from Europe, and in addition 
large quantities were imported at Baltimore and other ports. In 
1914, Japan (292) alone sent directly to the United States 379,873 
pounds of flowers, and during the fiscal year 1917 (June 30, 1916, to 
July 1, 1917) the total importation was 1,504,000 pounds. During 
the recent Great War, the European supply was almost entirely 
cat off. 


CULTIVATION AND HARVESTING OF INSECT FLOWERS. 


An account (5), written in 1856, describes the Pyrethrum plants 
as growing wild in the Caucasian Mountains at an elevation of from 
4,500 to 6,800 feet above sea level. These plants blossom in June, 
and are harvested on a dry day, when an efficient cutter can collect 
from 30 to 80 pounds a day. The flower heads are usually dried in 
‘the sun, although they act more powerfully when the drying is done 
in the shade. . 

Several authors (150, 257, 261) have described the cultivation of 
insect flowers in Dalmatia. According to a communication, under 
date of November 13, 1915, from Benjamin F. Chase, United States 
consul at Fiume, the insect powder there is made from the 
blooms of a wild chrysanthemum (Pyrethrum cinerarixfolium Trevi- 
ranus) which grows in profusion on the east side of the Adriatic Sea, 
from southern Croatia to Montenegro, on the Dalmatian coast, in 
Herzegovina and Albania. The annual production for all of this 
territory is given at from 150 to 200 metric tons. That exported 
is sent chiefly from Trieste, very little going out from Fiume. 
With the development of the trade in insect powder has come 
a cultivation of the wild variety. The plant grows best in rocky 
and barren hills with little soil, especially in limestone formations. 
Humid or deep soil is not favorable for its growth. Warm and 
dry weather is supposed to be best, not only to develop the wild 
plant but to give it its special insecticidal virtue. The cultivated 
plant does not produce well the first year, but starts the second year, 
and, if well cared for, continues to grow from the same root for 20 
years. It begins to bloom in May, and is first harvested in early 
June. One hectare (2.47 acres) of the cultivated variety yields 
111,100 plants, producing 2,000 kilograms (4,412 pounds) of dry 
blooms. The bloom is in best condition for making the powder if 
cut before opening, or in the ‘“‘bud.” It is cut off just beneath the 
head. After cutting, the blooms are spread on cloths and dried in 
the sun. When thoroughly dry they are ground into a fine powder 
by revolving stones, or by crushers working vertically. The finest 
quality powder is that obtained from the ‘‘buds” or the unopened 
wild blooms in the region of Krivosije, Dalmatia. The second 


INSECT POWDER. 5 


quality, that from half-opened blooms, comes from Cittavecchia, 
Dalmatia. The third, from the full blooms, is produced in Ragusa, 
Dalmatia. The ‘‘buds” used in making the first-quality powder 
are very small, 6 to 8 millimeters in diameter, and look like a large 
chamomile flower. The cultivated plants bear flower heads with a 
diameter of from 8 to 10 millimeters, having the rays very close 
together and covering the crown, being again covered by involucral 
bracts. Powder of the third quality is prepared from flower heads 
with a diameter of from 10 to 12 millimeters, almost disclike in form, 
many of them being without ray florets. 

After the nature of insect powder became known, the cultivation . 
of Pyrethrum was taken up in several countries. The growing of 
Pyrethrum roseum, introduced into France about 1856, is described 
by Willemot (294), and Heckel (123) discusses the cultivation of 
Pyrethrum cinerarizfoliwum in the botanical garden of Marseilles 
since 1900. The cost of harvesting the flower heads is the great 
obstacle to the remunerative growing of the plants in southern France. 

In Germany Pyrethrum roseum and carneum are reported by 
Schenck (242) as growing well as early as 1859, and their cultivation 
there was described in detail by Pauckert (209) in 1866. According 
to Siedler (258), however, experiments made under the direction of 
the Agricultural High School on the cultivation of different insect- 
powder-producing species of Chrysanthemum near Berlin in 1886 
were without favorable results. In May, 1912, another effort was 
made to grow the C. cinerarizfolium in Germany by planting some 
seeds from Dalmatia in the garden of the Pharmaceutical Institute 
of Berlin University. The winter of 1913-14 killed more than one- 
half of the plants, only a few being left after the winter of 1914-15, 
but Siedler (258) believes the cultivation of Pyrethrum near Berlin 
can be made profitable if proper care is taken. 

Kalbruner (151), in 1874, stated that in Austria Pyrethrum roseum 
and carneum were frequently seen in gardens, and their cultivation in 
that country was described in 1889 by Labler (166). The cultiva- 
tion of C. cinerarizfolium at Korneuburg near Vienna is taken up 
in an article by Kuraz (165). 

Semenoff (253), in 1878, stated that in the Caucasus the produc- 
ticn of Persian insect powder, made from the flowers of Pyrethrum 
roseum and carneum, amounted to about 720,000 pounds annully 
in 1850, but that 20 years later it had decreased to less than one-third 
of this figure, due to the competition of the Dalmatian powder. The 
_ flower heads are collected from wild-growing plants in June and July, 
and are dried first in the sun and then in the shade. 

Simmonds (259), in 1891, reported that the Pyrethrum Willemotii 
(the name given to P. cinerarizfolium by Willemot) succeeds well 
in Algeria. Blin (31) described the cultivation of Pyrethrum at the 


6 BULLETIN 824, U. S. DEPARTMENT OF AGRICULTURE. 


botanical station of Rouiba, Algeria, in 1903. From 500 to 900 kilo- 
grams (1,100 to 1,980 pounds) of dry flowers per hectare (2.47 acres) 
are obtained, depending upon the soil and the variety of Pyrethrum. 

Pyrethrum cinerariefolium has been grown successfully in Gipps- 
land, the southeastern district of Victoria, Australia, by Paul Klee- 
sattel (17). The seeds were obtained from Zara, Dalmatia, and the 
plants are of the true Dalmatian type. Some powder prepared 
from the flowers of these plants is said to have killing properties de- 
cidedly above the average. The cultivation of Pyrethrum in Victoria 
is described in a Melbourne agricultural paper (154). Tellier (126) 
sowed some seed of the Pyrethrum Willemotw in 1872 at Grahams 
Town, Cape Colony, and also distributed packets of the seed. It 
grew well, and its insect-destroying power was ‘‘something extraor- 
dinary.” In 1883 Hellier distributed more seed, and in 1890 he 

reported that there were good specimens of plants at Waterford, in 
‘various places in Kaffraria, and near King Williams Town. 

MacOwan (184), of the Cape Town Botanic Garden, points out 
that Pyrethrum cinerarizfolium thrives best on an open, dry soil, 
not too clayey, as both the seed and the plant are easily killed by 
excessive moisture. The seed, which is sown about half an inch be- 
low the surface, germinates in approximately 30 days. As soon as 
the plants can be handled they are placed 6 inches apart, and three 
months later, 1 foot apart. The flowers are produced in the second 
year. In the same article it is stated that the plant appears to 
stand the winter in sandy loam in the south of England, but has not 
been observed to flower freely. 

In Japan the Pyrethrum cinerarizfolium has been grown for some 
time, and the manufacture of insect powder is a well-established 
industry. The following information as to its cultivation there was 
furnished by George N. West, American consul at Kobe, under date 
of March 22, 1915: 


The species of Pyrethrum cultivated in Japan for the manufacture of insect powder 
is Chrysanthemum cinerarixfolium (white flower, commonly called “Dalmatia”’). 
The Chrysanthemum roseum (red flower, commonly called “ Persia’’) is also cultivated 
to a small extent, not only for the same purpose, but for the beauty of its charming 
flowers. 

None ofthespecies of Pyrethrum are natives of Japan, but have been introduced from 
foreign countries. As to their introduction, it is hard to say exactly, but the following 
are some of the most reliable traditions: 

1. During the year 1881, insect powder was first imported by one Tasaburo Shimidzu 
of Osaka from Bays (?) & Co., of England, through Morff & Co. of Kobe. 

2. Between the years 1884 and 1885 the seeds were imported from Dalmatia and 
cultivated by Ei-ichiro Murakami of Yasudamura, Arita County, Wakayama Pre- 
fecture. 

3. When Georg Hicotrust (?) was a consul for Austria in Japan, he at one time 
visited Nikko with a view of admiring the natural beauty of the place. It wasautumn 
and the chrysanthemum flowers were blooming profusely along the sides of the road. 
He thought they looked like the chrysanthemum of his native country which was 
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used for killing insects, and was surprised to see such a plant growing wild in Japan. 
He then imported from Austria a small quantity of the seeds which were sent to 
Wakayama in 1886. ‘ 

4. While Professor Tamari, present director of Kagoshima Higher Agricultural and 
Dendrological School, was a student in the United States, he sent some seeds from the 
California Agricultural School and the California Agricultural Experiment Station to 
Komaba (near Tokyo) Agricultural College. The seeds were planted there, and were 
thence distributed to every part of Japan. 

The plants are chiefly cultivated in the prefectures of Wakayama, Aichi, Okayama, 
and Hiroshima, of which the plantations in Wakayama Prefecture are most progressive. 
Hence the following method of plantation is principally taken from that of this 
prefecture: 

The seed time is twice a year—spring and autumn. When the seeds are sown in 
the spring the flower does not open in the same year, and therefore in warm districts 
autumn planting is considered best. Generally in the latter part of September or Octo- 
ber acold bed is prepared, and one-half gill of the best selected seeds, mixed with ashes 
of wood or fine sand, are sowed on each tsubo (about 4 square yards), covering the whole 
surface slightly with well-sieved fine earth or sand. Then the surface is pressed with 
boards and covered with straw or rice hulls, in order to keep the earth from becoming 
toodry. About 10 days later, when germinated, the straw or hulls are taken off. The 
seedlings are then thinned out 2 or 3 times, according to thickness, in order to make the 
intervals between them from 1} to 24 inches. Five or six weeks after budding, when 
the seedlings have grown to a height of over 1 inch, a temporary nursery is prepared, 
and the strong seedlings are planted at intervals of 44 to 54 inches and the weak ones at 
intervals of 24 to 4 inches. The following spring they are transplanted to a ridge 2 
or 2} feet high, in a dry rice field, and to a ridge of 2 feet or of ordinary height in a 
vegetable field. The intervals between the seedlings when transplanted should be 
1 foot to 1 foot 3 inches. The fertilizers usually applied are 1,560 pounds of natural 
forest loam, 40 pounds of superphosphate of lime, 80 pounds of straw ashes, and 2,500 
pounds of human excrement and urine for each quarter acre. There are no special 
methods for plowing, weeding, and irrigation. The plants are propagated not only 
by seedlings, as just explained, but also by dividing the roots of the plants and trans- 
planting them. After 4 or 5 years the plants become too old, and will not bear many 
flowers, making it necessary to divide their roots or to sow new seeds. 

Sticky or clayey soil should be avoided. Sandy soil is preferable, because the water 
drains freely. The slope of a hill or reclaimed land may also be used when care is 
taken and it is fertilized well. No analysis of the soil is obtainable. While in the 
nursery, a solution of sulphate of ammonia in water is applied, in addition to the 
fertilizers already mentioned. After transplanting in the spring, the same solution is 
applied. The superphosphate of lime is also widely used. No manganese salt is 
applied as fertilizer, but most of the soil in Japan contains a small quantity of 
manganese. 

The flowers are generally harvested during the latter part of May or in June, during 
which period they are picked over four or five times. When harvested before the 
flowers are opened fully, the crop is comparatively small, but if harvested after full 
bloom, the strength of the powder for killing insects is lessened. Care should be taken 
to select the time of harvesting. The proper time is when the flower petals are fully 
opened, until their ends are on a level with the top of the calyx and the pollen is 
falling. Old men and women, carrying hand baskets, can easily pick the flowers 
by holding them between the middle and fore fingers, and by pressing down at the 
top of the flower with the thumb. By shaking up and down, the flowers are soon 
separated from the stem. A woman generally can pick the flowers at the rate of about 
40 to 50 pounds during the day. 
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In some districts a simpler method of harvesting is adopted. At the time of full 
bloom, the flowers, together with their leaves and stems, are reaped about twice, with 
a tool like a short-handled rake with comb-shaped teeth, and dried in the sun. It 
should be added that powder made from flowers picked by this comb-toothed instru- 
ment is either inferior or no good, for the reason that flowers in all stages of bloom- 
ing are thereby picked, whereas to obtain the full strength flowers must be picked 
at exactly the right stage of blooming, which can be done only by hand. 

The flowers picked are spread on straw mats and dried in a sunny place, exposed 
to the wind. Then they are moved to a drying room, which should have a good 
draft. Shelves, similar to those used in sericulture, are made by laying down 
Tush screens or old newspapers on the top, where the flowers are arranged thinly and 
turned over twice or more a day. A few days later, when dried to a certain extent, 
they may be spread out thicker than at first. The drying is finished in 6 or 7 days. 
When there is no drying room, they are dried entirely in the sun. By adopting this 
system, a much greater quantity can be dried in a shorter time, although it 1s inferior 
in quality compared with that dried in the shade. Drying in the sun takes only three 
days in fine weather. If the drying takes too long, the flowers lose their strength 
Drying has reached the proper stage when the flowers can be roughly powdered by 


* breaking them into small pieces upon rubbing with the thumb and forefinger. Arti- 


ficial heat is also applied at large factories, the standard of the heat being 150° F. 


In addition to the districts named by West, the provinces of Ki-i 
and Mikawa are mentioned by Fujitani (89) as supplying flowers. 
Herrera (129) states that the C. cinerarizfolium grows well in Mexico. 

Efforts to introduce the cultivation of Pyrethrum into this country 
were made by the United States Department of Agriculture as early 
as 1859. In that year Bishop (80) reported that 250 plants of Pyre- 
thrum caucasicum were in the course of cultivation in the Experimental 
and Propagating Garden at Washington, D.C. Markoe (188) de- 
scribes the growing of Pyrethrum roseum by Prof. Asa Gray in the 
Cambridge, Mass., Botanical Garden from seeds distributed by the 
Government in 1859. The seeds yielded by the American-grown 
plants were sown but did not germinate. The root stocks of the old 
plants, however, threw up shoots in the second year. Gray was of 
the opinion that the cultivation of the plant could be made profitable 
in this country. In 1860 Abel (1) stated that he was informed by 
persons receiving some of this seed that the plants were in a flourish- 
ing condition. In the eighties the United States Department of 
Agriculture renewed its efforts to establish the cultivation of insect- 
powder-producing plants. In Washington,’ D. C., Riley (222) 
obtained good results. He distributed seed to correspondents in 
Alabama, California, Dakota, Georgia, Illinois, Indiana, Iowa, 
Kansas, Kentucky, Maryland, Michigan, Mississippi, Missouri, New 
Hampshire, New Jersey, New York, North Carolina, Ohio, Ontario, 
Pennsylvania, Vermont, and Virginia, but in all the States, except 
California, the results were unfavorable, due, apparently, largely to 
drought and bad seed. 
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On the other hand, better results were obtained by persons more 
familiar with growing plants. Thus Peter Henderson wrote Riley 
(222) regarding P. roseum: ‘‘T have grown the plant and its varieties 
for 10 years. It is of the easiest cultivation, either by seeds or 
divisions. It now ramifies into a great variety of all shades, from 
white to deep crimson, double and single, perfectly hardy here, and 
I think likely to be nearly everywhere on this continent.” Pyre- 
thrum roseum was also grown successfully at Germantown, Pa., and 
at Archer, Fla. (222), from seed furnished by Riley. In 1884 Riley 
(225) reported success in growing Pyrethrum in Virginia and in 
Maryland, and in 1885 (226) in Arkansas and Florida. 

King (155), in 1886, reported the results of efforts to grow P. . 
roseum in different States. At the Connecticut Experiment Station 
plants from seed sown in 1884 bloomed in 1885, and then died. At 
the Michigan station the seasons were too cool and short for the 
profitable growth of this plant. The New York station reported 
that “‘the plants grew well, blossomed, and some of them matured 
their seed.’”’ At the Pennsylvania State College the plants did not 
bloom. An attempt to grow this plant in Massachusetts is described 
in the annual report of that station for 1889 (101). The seeds were 
sown in a hotbed, and subsequently transplanted in the field, but 
did not mature. In 1891 (102) and again in 1892 (103) it is reported 
that one.row of P. roseum was grown in the field. Goff (104) planted 
seeds of P. roseum at the Geneva (N. Y.) Agricultural Experiment 
Station in the spring of 1887. The plants did not blossom the first 
season, and were counted as a failure, but in the second spring they 
started a vigorous growth, and bloomed profusely. The powder pre- 
pared from these New York grown flowers was just as active against 
fles as that from P. cinerarizfolium flowers grown in California. 
Green (105) in 1892 recommended P. roseum as an ornamental plant 
desirable for planting in the region of the Minnesota station. In 1890 
Massey (192) announced his intention of trying the cultivation of 
P. roseum and cinerarixfolium at the North Carolina Agricultural 
Experiment Station, but nothing seems to have come of this. 

California is the only place in the United States where the cultiva- 
tion of Pyrethrum has reached commercial proportions. Coquillet 
(55) states that G. N. Milco introduced the Pyrethrum cinerarizfolium 
into California about 1870, and describes the cultivation of the plant. 
The amount of the present production of insect powder in California 
is not known, but in 1888 it was 52 tons. 

Klee (158), of the College of Agriculture of the University of Califor- 
nia, has carried on extensive experiments on the cultivation of Pyre- 
thrum. At the Southern Coast Range Culture Substation of the Uni- 
versity of California, in San Luis Obispo County, Cruickshank (59) in 


1Insect Life, v. 1, p. 356, 1889. 
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1891 reported that Pyrethrum seed sown in the fall grew, and that the 
plants blossomed a little, although the year was the hardest for 7 years, 
according to old residents. Shinn (256), of the same station, in 1897, 
reported on the cultivation of Persian insect powder plants (apparently 
P.roseum) as follows: ‘‘Plants endure the winter and bloom freely. 
They do not grow-rapidly, however, and the culture would probably 
not be profitable here.” In the same report (p. 72) Pyrethrum is 
suggested as worthy of trial as a plant suitable for cultivation on alkali 
soil, but no experiments seem to have been made to test this idea. 
Both Pyrethrum roseum and cinerarizfolium are mentioned as being 
well established in the garden of the Southern California Culture 
Substation, in Chino Valley. Schrenk (248), quoting from Semler’s 
“Die Tropische Agrikultur,” describes the cultivation of C. cine- 
rarizfolium in California by Dalmatians who had settled there. 

_ Within the past few years the C. cinerarixfolium has been success- 
fully cultivated at Madison, Wis., and at the Arlington, Va., Experi- 
mental Farm of the United States Department of Agriculture, and 
Halsted (112, 113) has grown hybrids of C. roseum and the field daisy 
(C. leucanthemum) in New Jersey. As said before, however, Cali- 
fornia is the only place in this country where the cultivation of 
Pyrethrum has continued on a commercial scale. 

Summary.—At present insect flowers are cultivated commercially 
in Dalmatia, Montenegro, Japan, Australia, Algeria, and California. 
The first three countries produce nearly all the fiowers that enter 
into international trade. In 1907, 2,882,000 pounds, and in 1908, 
2,615,000 pounds of insect flowers were exported from Austria 
(165). Japan, in 1913, exported 349,225 pounds of insect flowers 
and 211,012 pounds of insect powder, and in 1914, 819,612 pounds of 
the flowers and 256,567 pounds of the powder (251). As for the 
wild insect flowers, it appears that Montenegro is the only country 
where they grow abundantly enough to be of commercial impor- 
tance, and even there the quantity is small, as, according to Juttner 
(150), the whole Montenegrin production of wild flowers amounts at 
most to 15,000 kilograms (33,000 pounds) each year. 


PREPARATION OF INSECT POWDER. 


In one of the earliest accounts of insect powder (5) it is stated 
that the dried insect flowers are rubbed to a coarse powder with the 
hand, and then ground fine in a small mill. Willemot (294) gives 
directions for the pulverization of insect flowers in a mortar by 
simply rubbing them with a pestle. In order to prevent the escape 
of powder, the mortar should be provided with a leather covering 
through an opening in which the pestle moves. 

Coquillet (55) describes the manufacture of Buhach from the 
flowers of Chrysanthemum cinerarizfolium in California as follows: 
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Arriving at the mill the flowers (which have been thoroughly dried) are fed to a set 
of burr millstones, just as wheat is handled in making flour by the old process. The 
grist is carried by an elevator to a separator which, by proper sieves, separates the 
coarser particles of the grist, allowing only the finest, dustlike powder to pass through. 
This powder is carried by an elevator to an adjoining building, where it is put up in 
tin cans for the market, while the coarser particles thrown off by the separator are 
returned to the millstones. 

The flowers become heated while being reduced to powder, but the latter, in pass- 
ing through a large series of elevators, loses its heat to a great degree before it is 
put into the cans for the market. 

Slaus-Kantschieder (261), in 1913, described the preparation of 
insect powder in Dalmatia as follows: 

The flowers are prepared as powder in Dalmatia, as wellasin Trieste. The largest 
Dalmatian mills, located in Sebanico, are driven with electrical power from ‘“ Krka- 
fallen.’’ Further, several smaller concerns in Zara, Ragusa, and upon the islands of 
“Mittel-Dalmatiens” carry on the grinding of the flowers. In Trieste the grinding of 
the chrysanthemum plants is carried on in about 10 mills, and this is the place where 
most of the adulteration occurs. 

In the United States, in addition to Stockton, Calif., where Buhach 
is manufactured, insect flowers are ground on a large scale in Balti- 
more, Peoria, and New York, and to a smaller extent in Philadelphia, 
St. Louis, and other places. In most cases the older firms still use 
stone ‘‘chaser’’ mills, while the newer firms employ steel disc mills. 

A ‘‘chaser’’ mill consists simply of a pair of millstones joined by a 
horizontal axis which is connected with a vertical shaft. By means of 
power the shaft is turned, and the two stones roll around, one after the 
other, on a heavy block of granite. These millstones, which are also 
of granite, are about 24 feet in diameter by 8 inches thick, and weigh 
several hundred pounds each. Flowers imported into this country 
are received in bales done up in burlap, containing on an average 
about 440 pounds net each. The contents of the bales are emptied on 
the floor, and any large stones, which are sometimes added to give 
weight, removed. The flowers are then shoveled or dumped into the 
box which surrounds one of these stone chaser mills, where they are 
kept in the path of the revolving stones, which are mounted about 2 
feet apart, by means of arevolving arm. The flowers are soon reduced 
to a fine dustlike powder which in some mills is periodically shoveled 
out, and in others is removed from pockets in the sides of the inclosing 
box. The powder is so fine that it is carried up by the air currents 
produced by the revolving stones, and settles into pockets provided 
for that purpose. The top, as well as the sides of the mill, is boxed in 
very tightly to keep the powder from flying everywhere. After grind- 
ing, the powder is put through a sieve or bolted, and the tailings re- 
ground. Inscme cases a sieve of only 40 meshes to the inch is used, 
whereas other firms employ 110-mesh bolting cloth. 

The steel disc mill, used by some firms in grinding insect flowers, 
consists of a series of perforated steel discs with lugs on the edge which 
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revolve in a corrugated cylinder at a rate of from 3,000 to 3,500 revo- 
lutions per minute. The flower heads are fed into a hopper, either by 


. hand or automatically through a chute, and are thrown with great 


force against the corrugations on the inside of the cylinder by the re- 
volving discs. The discs do not rub against each other or the cylin- 
der; the flowers are simply cut to pieces by the force of their impact 
against the sharp corrugations. Jn a mill of this kind the cylinder 
opens into a large box or cloth bag of close weave. If a box is used, 
it must be provided with a number of cloth ‘‘chimneys,’’ which may 
be supported by a wooden framework. The idea of the cloth is to 
hold in the fine insect powder while allowing the air, which is fanned 
into a very strong current by the revolving discs, to filter through. 

When flowers imported from Japan are ground itis necessary first 
to run them through a disintegrator, which consists commonly of a 
mill built like an ordinary large, coarsely-grinding domestic coffee mill. 
Before being shipped from Japan, insect flowers are wrapped in rattan 
or similar material, and compressed into as small a bulk as possible in 
apress. Ordinarily four of these little bales, each of which weighs about 
100 pounds, are wrapped together in burlap with metal bands and 
wooden strips for shipment. The flowers are so compressed in these. 
packages that the use of the disintegrator is necessary. From the 
disintegrator the flowers travel on a belt to a chute through which they 
fall to the floor below. An electromagnet is so arranged under the 
belt that particles of iron, like nails, which may be present in the bale, 
are removed as the flowers pass down the chute. On the floor below 
the flowers may be fed directly into the hopper of the disc mill, or they 
may be run first through a cutter, which fae breaks them up and 
expedites the final pulverization. 

In either process the powder becomes quite warm in the grinding, 
thus losing part of its moisture, but not, apparently, any of its insecti- 
cidal constituents. This loss in moisture, together with a slight 
mechanical loss in the milling process, amounts to 6 or 7 per cent by 
weight of the flowers ground. 

In grinding insect flowers it is not customary to add any material 
to assist the pulverization. Nor, with the exception of large stones, 
which may have been added to the bale, and certain bits of iron which 
are taken out by an electromagnet, is anything removed from the 
flowers as they are received. Such foreign matter as stems, either 
adhering or loose, sand, and dirt is allowed to remain. 

In Japan the process of manufacture is as follows (292): The 
flowers are dried in the shade for one day in the summer, after which 
some 8 pounds are placed in a stone mortar and powdered for about 10 
hours. This powder is then put through a sieve, and dried by steam 
heat at from 80° to 90° for 4 or 5 hours in a drying room. When well 
dried it is packed in tin containers. Jn the sieving process from 20 
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to 25 per cent of the powdered flowers remain in the sieve. ‘This refuse 
is not used in the best quality insect powder, but some manufacturers 
repowder it and mix it with the fine good powder. Mixed with the 
powdered leaves and stems of the Pyrethrum plant, it is used also as 
a smudge for mosquitoes and flies. 


EFFECT OF INSECT POWDER ON INSECTS.' 


In the account of the discovery of the nature of insect powder by 
Sumttoff (5) no details are given as to its use. It is simply stated 
to be one of the most active means of protection against harmful 
insects, ‘‘attracting them by its characteristic odor and then numbing 
and killing them, but to man and larger animals it is entirely harmless.”’ 

Noodt (205), in 1858, wrote: 

The powder has the property of numbing all insects in a short time and subsequently 
killing them. Strewn in the room and in the bed it is a poison for lice, fleas, bugs, 
flies, moths, etc. * * * . 

In the collection of insects it has been used for a long time not only to quickly kill 
them but also to protect them against other insects, and it can be recommended not 
only for this use but also in herbariums and other natural history collections, since 
ants also quickly die from it. 

In 1858 Browne (88) recommended the trial of Persian insect 
powder, or a decoction of it, against the scale of orange trees (Ooccus 
hesperidum), but the test does not appear to have been made. This 
is the first use of insect powder against a definite insect suggested in 
the United States, and the first time it is spoken of for use on fruit 
trees. About the same time Willemot (294) records the results of ex- 
periments on the destruction of noxious insects in France with 
Pyrethrum. 

Glover (99), in 1864, described the first experiment recorded in 
this country on the insecticidal efficiency of Persian insect powder: 

This powder had a curious effect on some Croton roaches we were experimenting 
with; when sprinkled over them or placed in a circle and they made to pass over it, 
for a few steps they appeared very lively, but soon staggered, and after a few struggles 
fell over and soon ceased to live. 

Saunders (239), in 1879, was one of the first to describe the effect 
of insect powder upon house flies and green aphis. About the same 
time Carpenter (44) published the results of his experiments with 
Pyrethrum on different insects. As aresult of these experiments, he 
states that ‘all insects having open mouth parts are particularly 
susceptible to this powerful drug.”” Howard (138), in 1882, described 
the effect of Pyrethrum upon the heartbeat of Plusia brassice (cab- 
bage worm). 

A great amount of work has been done since 1879 by the United 
States Department of Agriculture and the various agricultural ex- 

1 The statements given under this heading are merely quotations from the literature and are included 


_ for their historic interest. They are not to be taken as representing the present opinion of the Department 
of Agriculture concerning the efficacy of this product. 
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periment stations in testing the eflicacy of insect powder in destroying 
or repelling harmful insects, but a review of such work would be for- 
eign to the purpose of this bulletin. Those interested may consult 
the following list of references to recorded tests given in the bibli- 
ography (p. 83): 2, 3, 9, 11, 26, 27, 28, 35, 36, 38, 44, 46, 49, 51, 52, 53, 
54, 55, 56, 61, 65, 66, 71, 72, 75, 87, 94, 96, 97, 98, 99, 100, 104, 120, 
125, 128, 129, 138, 141, 148, 149, 151, 157, 165, 167, 171, 176, 178, 
192, 1938, 195, 200, 201, 203, 207, 208, 211, 217, 218, 221, 223, 
224, 225, 226, 227, 228, 229, 230, 231, 232, 233, 241, 258, 262, 263, 
264, 270, 271, 272, 290, 291,294. For alist of other articles on the use 
of insect powder against different insects, see ‘‘ Bibliography of the 
More Important Contributions to American Economic Entomology, ”’ 
published by the United States Department of Agriculture, Bureau 
of Entomology, Washington, 1890-1905. ‘The ‘Index to the Liter- 
ature of American Economic Entomology,” published by the Amer- 
‘ican Association of Economic Entomologists, 1917, gives references 
from 1905 to 1914. 

On looking over the literature it will be noted that the results of 
the various investigators of the powder differ in many respects. 
Some claim that the powder must be taken internally to be effective, 
while others state that it kills by external contact. In many cases 
the reported failures of the powder were no doubt due to the fact 
that a powder adulterated with powdered stems was used in the tests, 
the experimenter accepting, as pure, commercial powders the compo- 
sition of which he had no way of knowing. 

At present insect powder is used largely against bedbugs, cock- 
roaches, ants, flies, mosquitoes, and certain other household insects, 
as well as plant ne and fleas on pet animals. 

_ Although insect powder is an efficient insecticide against many 
insects, it appears that the plant from which it is made is not free 
from freee enemies. In 1884, W. Allan, of Baltimore County, Md., 
sent Riley (225, p. 416) specimens of Macrodactylus subspinosus, found 
“on Pyrethrum plants in large numbers and apparently eating both 
leaves and flowers, and Chauliognathus marginatus, not so numerous 
and apparently attracted chiefly by the flowers. Riley states that 
a number of insects are known to feed on Pyrethrum while it is grow- 
ing. In 1890 Riley (229) again called attention to the fact that the 
Macrodactylus subspinosus, or rose chafer, devours the blossoms of 
the Pyrethrum cinerarrefoluum. ‘This fact, however, does not seem 
so surprising, as, according to Smith (263,264), insect powder is 
entirely ineffective against the rose chafer. 


EFFECT OF INSECT POWDER ON ANIMALS. 


While it is generally considered that insect powder is harmless to 
the higher animals, a number of cases where it has produced symptoms 
of a more or less serious nature are recorded. 
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As early as 1858 Boucard (34) described the case of a woman, 
who had strewn much insect powder upon her bed, being taken with 
a headache, roaring in the ears, bloating of the face, pain in the 
stomach, nausea, sweating, and symptoms of syncope. About the 
same time Von Wiggers (8) abstracted a report by an anonymous 
writer of a case in which a man and his son who had scattered Persian 
insect powder in their beds passed a restless night, during which 
they suffered from painful dreams, and the next day had bad head- 
aches. In 1884 Riley (225), in speaking of the supposition that 
Pyrethrum has no effect on the higher animals, stated his own experi- 
‘ence in which the fumes of the powder in a closed room inten- 
sified sleep and produced stupor. Coquillet (55) states that insect 
powder has no injurious effect upon human beings. 

It appears also that there is a difference of opinion with respect to 
the action of Pyrethrum when taken into the stomach. Milco wrote 
Coquillet that a teaspoonful of the alcoholic extract of Buhach was 
administered to a certain person afflicted with tapeworm. The dose 
was repeated every hour for 10 consecutive hours, as a result of which 
the tapeworm was removed without injuring the patient in the least. 
On the other hand, Noodt (205) states that taken internally insect 
powder was inactive against the tapeworm, but against Ascarides it 
was effective when a concentrated infusion was used as a clyster. 
Likewise an injection of this powder against maggots in the outer 
ear passages had a remarkable effect. Tests showing anthelminthic 
properties in the flowers of P. rosewm and carneum are recorded by 
Schipulinsky (244) in 1854, and Frontali (88) records the same for 
the flowers of C. cinerarixfolium in 1858. 

According to the Chemist and Druggist (21), an American doctor 
in 1898, through an accident to a child, found that insect powder 
has anthelminthic properties. In 1888 Holmes, in discussing a 
paper by Kirkby (156), reported a case from Hull, England, where 
a man had died from the effects of insect powder, but whether the 
death was due to the powder itself or to some adulterant was not 
determined. Schlagdenhauffen and Reeb (246) record the poison- 
ing of 7 persons in 1889 from 1 pound of insect powder which had 
been strewn in their beds. Bosredon (83), in 1897, recorded an 
instance of poisoning with insect powder. An infant, aged 11 months, 
playing with a cardboard box of the powder, broke the lid, which scat- 
tered the powder into the eyes, mouth, and nostrils. When medical 
aid arrived convulsions and vomiting had set in, the heartbeats were 
eeble, and the respiration slightly quickened. After carefully re- 
oving the adherent powder, an emetic of ipecacuanha produced 
ree vomiting, and, except for slight inflammation of the conjunctiva, 
he patient quickly recovered. Additional cases of poisoning with 
sect powder are described by Mendelsohn (194), Ferrand (81), and 
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the Chemist and Druggist (16). In the only fatal case the patient, 
a little girl, 2 years old, had eaten about half an ounce of the powder. 
- Certain species of Chrysanthemum are used as medicine in various 
countries. Eastes (74) states that C. parthenvum is official in the 
French Codex, and is reputed to have tonic, stimulative, sudorific, 
diuretic, antipyretic, emenagogic, and anthelminthic properties. 
According to Henry (127) many chrysanthemums are used as medi- 
cine in China. A case of poisoning with C. indicum is described by 
Hoffmann (135). In the report of Remington (215) on the Centen- 
nial Exhibition, the flowers of Chrysanthemum album and flavum are 
said to be used in China for flatulency, and Pyrethrum parthenwum 
is included in a list of drugs from Chile, although its use is not given. 
Stearns (266) lists Chrysanthemum leucanthemum and Pyrethrum 
parthenvum as plants whose flowers were used in medicine by the 
natives of Michigan in the fifties. Sato (236) speaks of insect powder 
* (made from flowers of C. cynerarnxfolium) bemg used in medicine, 
as well as for insecticidal purposes. 

In regard to the effect of insect powder upon mammals other than 
man, Riley (225) cites a case in which the powder was copiously 
rubbed on a dog, as a result of which the animal became sick, being 
affected in the locomotive organs very much as insects are. Car- 
ruthers (45) states that Pyrethrum vnodorum is credited with producing 
lasting injury to the digestive organs of stock by damaging the lining 
of the stomach, and causing death when eaten in large quantities. 
Coquillet (55) reports that horses fed upon the dried stems of the 
Pyrethrum cinerarixfolium plant appeared to relish it very much, 
and were not injured in the least by it. In 1880 Sayre (240) per- 
formed experiments showing the toxic action of insect powder made 
from the flowers of Pyrethrum rosewm upon tadpoles. Fujitani (89) 
and Reeb (214) record experiments made upon frogs, fish, dogs, and 
other animals with what they regarded as the active principle of 
Pyrethrum flowers. These tests, however, were made with extracts 
of the flowers and after certain chemical treatment, so that the 
results obtained are not strictly comparable with the action of in- 
sect powder itself. 


ADULTERATION OF INSECT POWDER. 


Insect powder appears to have been extensively adulterated from 
the time it first entered into commerce. The fact that its natur 
remained unknown until 1818, when Sumttoff discovered that 1 
was made by pulverizing the flower heads of certain species o 
Pyrethrum, and the fact that the active insecticidal constituent h 
not been definitely determined up to the present, rendered the fixin 
of an exact standard difficult. Sophistication has been correspond 
ingly easy. 
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In 1851 Koch (161) noted that in Transcaucasia the Persian insect 
powder is adulterated with flowers of Pyrethrum corymbosum and 
other similar plants, and in Germany with chamomile. De Visiani 
(67), in 1854, mentioned the flowers of the common chamomile, 
Anthemis cotula, Anthemis arvensis, and Spartium jqunceum, as 
adulterants. In one of the earliest accounts of the nature of insect 
powder, that of Noodt (205), written in 1858, it is stated that the 
producers, in order to satisfy the great demand for the product, 
erind not only flowers, but also stems and leaves, thereby detracting 
from the quality. He states that merchants in Germany also were 
in the habit of mixing fresh consignments with old, long-kept goods 
which had deteriorated with age. Schenck (242), in 1859, noted 
the use of German chamomile as an adulterant. 

In 1861 Willemot (294) said that the numerous adulterations 
which insect powder imported into France between 1850 and 1860 
had undergone prevented the public from appreciating its efficacy. 
He mentioned the following as having been found in various powders: 
Sumac powder, jalap, cockle of Levant, nux vomica, and arsenic. 
Abel (1) reports that Persian insect powder was adulterated with 
fleabane and chamomile flowers at the time of its introduction to the 
American market, shortly before 1860. 

Schlotshauber (247), in 1862, found the Persian powder to contain 
a variety of Pyrethrum corymbosum W., Pyrethrum tenusfolium 
Tenore, and a variety of Anthemis arvensis Linn. Landerer (167, 
168), in 1875-1877, mentioned the following as adulterants: Anthemis 
cotula, Ohrysanthemum segetum, Matricaria parthenium. In 1875 
Miller (196) reported that old-stock German or Roman chamomile 
flowers were ground up with insect powder. 

Lead chromate as an adulterant appears to be first mentioned by 
Grote (108) in 1880. In the same year, Kral (164) reported finding 
‘a number of samples colored with curcuma, but none with lead chro- 
mate. Howie (139), in 1883, gave a method for the detection of 
fustic, which he found as an added coloring matter in insect powder. 
At a meeting of the Liverpool Chemists’ Association in March, 1883, 
Conroy (50) exhibited samples of imported insect powder which were 
heavily adulterated with fustic. Schwarz (250), in 1888, reported 
finding a sample colored with an alcoholic solution of curcuma. 

Mason, in discussing a paper by Kirkby (156), reports having had 
a sample of ‘‘ Dalmatian insect powder”’ which contained 60 per cent 
of sumac and 30 per cent of chamomile. Howie, in the same article, 
mentions that he found a large proportion of potato starch in a cheap 
powder. 

Unger (282, 283, 284), 1888-1890, found the following adulterants 
in insect powder: Pyrethrum stems, barium chromate, lead chro- 

139815°—20—Bull, 824 2 


18 BULLETIN 824, U. S. DEPARTMENT OF AGRICULTURE. 


mate, curcuma, and Chrysanthemum leucanthemum (Hungarian 
daisy). Schrenk (249), in 1889, also mentioned the Hungarian 
daisy, sometimes known as the Russian daisy, as an adulterant. 
He stated that starch is a very common adulterant. Beringer (29), 
in 1889, reported that insect powder brought into America was 
extensively adulterated with the Hungarian daisy, and that the 
ground stems and leaves of the Pyrethrum plant were also used as 
adulterants. Hart (119), in 1888, reported yellow ocher and wheat 
starch as adulterants. 

In the same year, Marpmann (190) reported the use of the pow- 
dered root of Veratrum album as an adulterant of insect powder. 

Thompson (273), in 1891, examined 7 samples of insect powder 
put out by American manufacturers, 2 of which were adulterated 
with lead chromate. Verneau (285), in 1892, listed the adulterants 
of insect powder as follows: Croton flavens, Anthemis cotula, Chrys- 
‘anthemum segetum, Matricaria parthenvum, Tanacetum vulgare, 
Chamomile romaine, Chrysanthemum leucanthemum, and wheat 
starch. Jelliffe (148), in 1895, spoke of the extensive adulteration 
by means of the stems of the Pyrethrum plant, and proposed methods 
for the detection of stem tissue in a powder. Caesar and Loretz 
(42) report that in their examination of commercial insect powders 
they have noted the following adulterants: Quillaja, euphorbium, 
powdered whole chrysanthemum plant, quassia, powdered aloes, 
senna leaves, Hungarian daisy, saffron, and lead chromate. 

In 1899, Huber (142) found 2 out of 5 brands of insect powder 
examined to be adulterated with ground oxeye daisy flowers. 
Tschirch and QOesterle (281) give C. coronarium and Inula pulicaria 
in addition to many of the flowers previously mentioned as being 
used as adulterants. Collin (47) identified a sample of ‘‘false’’ in- 
sect flowers as Chrysanthemum pallens. 

Hockauf (134), in 1903, listed the following adulterants of insect 
powder: Flowers of different species of Chrysanthemum (Chrysan- 
themum leucanthemum, C. corymbosum, C. inodorum, C. indicum); 
different species of Anthemis (Anthemis arvensis, A. tinctoria, A. 
cotula); and Helichrysum italicum. In the same year Jean (147) 
stated that he had found potassium chromate and sawdust in com- 
mercial insect powder, and Haywood (122) gave the results of the 
examination of 105 samples, 19 of which were found to be colored 
with lead chromate in amounts ranging from 0.12 to 1.47 per cent. 

Hanausek and Winton (118) give the following as adulterants: 
Heads of Chrysanthemum leucanthemum, Helichrysum arenarvum 
DC. (Flores Stechadis citrine, yellow cat’s paw, hour-glass weed, 
yellow-moth weed), and the stems and leaves of Chrysanthemum 
cineranixfolium. H. Wippell Gadd and Sydney C. Gadd (90), in 
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1905, mentioned turmeric and chrome alum as adulterants, and gave 
methods for their detection. Three years later Grieb (107) found 
a sample adulterated with borax. 

In 1912 Linke (173) mentioned the following: Pyrethrum stems, 
flowers of other species of Chrysanthemum, calendula flowers, 
curcuma, lead chromate, barium chromate, euphorbium, and quillaja 
bark. Hestated that the last two are added to increase the aroma 
of a powder. In the same year Sattler (238) reported lead chro- 
mate as an adulterant. 

Jiittner (150), who visited the insect-powder-producing regions 
of Dalmatia and Montenegro in 1912, calls attention to the extensive 
grinding of Pyrethrum stems in those countries. In order to make 
this stem powder correspond in color to the genuine insect powder, 
lead chromate is used, and, to increase the odor, from 1 to 2 per cent 
of pepper powder is sometimes added. 

Siedler (150) mentions another substance used to color insect 
powder, namely, yellow wood, or the heartwood of Chlorophora 
tinctora. He mentions also Pyrethrum indicum, Bellis perennis, 
Tanacetum vulgare, chamomile, quassia powder, pepper, powdered 
aloes, euphorbium powder, senna leaves, and flowers of ‘‘ Margherita 

ilvatica” as adulterants. The last name is unknown in botanical 

omenclature, and Siedler considers it to be a fantastic designation 
or an unknown adulterant. Marguerite, however, is a common 
ame for (. frutescens, which may be the flower meant. In a later 
rticle Siedler (257) stated that, compared to adulteration with 
tem powder, adulteration with foreign flowers is insignificant. 
Slaus-Kantschieder (261), in 1913, stated that in Dalmatia the 
ost usual form of adulteration of insect powder consists in grinding 
ith the flowers a part of the flower stems called ‘‘stecco.’”’ Lead 
hromate, barium. chromate, powdered bricks, starch, curcuma, and 
owdered almond shells are also mentioned by him as adulterants. 
enjamin F. Chase, United States consul at Fiume, under date of 
ecember 15, 1915, reported that in Dalmatia it is customary to add 
per cent of borax to the inferior grades of insect powder. 
In addition to the powdered stems of the Pyrethrum plant, which 
ave been the most extensive means of adulteration, other adulterants 
etected in the Insecticide and Fungicide Laboratory during the past 
years have been lead chromate, potassium chromate, barium chro- 
ate, curcuma, sand, leaves of the Pyrethrum plant, and oxeye 
aisy flowers (Chrysanthemum leucanthemum). 
Roark and Keenan‘ have made a special study of the adulteration 
f insect powder with powdered oxeye daisy flowers, and have de- 
ribed means for its detection. 


1U.S.Dept. Agr. Bull.795,issued July 28, 1919. 
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_ Substances that have been used to color or adulterate insec 
powder may be classified as follows: 


To gwe color: 
Lead chromate. 
Barium chromate. 
Potassium chromate. 
Curcuma (turmeric, the root of Curcuma longa L.). 
Fustic (wood of Chlorophora tinctoria L.). 
Saffron (dried stigmas and tops of the styles of Crocus sativus L.). 
Yellow ocher. 
Other species of flowers: 
Pyrethrum corymbosum W. 
Pyrethrum tenuifolum Tenore. 
Pyrethrum indicum. 
Chrysanthemum segetum. 
Hungarian daisy, Russian daisy, oxeye daisy (Chrysanthemum leucanthemum). 
Garden daisy (flowers of Bellis perennis L.). 
German chamomile (dried flower heads of Matricaria chamomilla L.). 
Roman chamomile (dried flower heads of Anthemis nobilis L.). 
Corn chamomile (Anthemis arvensis L.). 
Mayweed (Anthemis cotula L.). 
Feverfew (Matricaria parthenium L. Synonyms: Chrysanthemum parthenium (L. 
Pers.; Pyrethrum parthenium Sm.). 
Croton flavens. 
Tansy (leaves and tops of Tanacetuwm vulgare L.). 
Calendula, marigold (dried ligulate florets of Calendula officinalis L.). 
Yellow cat’s paw, hourglass weed, yellow-moth weed (Helichrysum arenariur 
DC. Flores Stxchadis citrine). 
‘“‘Marzgherita silvatica” (Chrysanthemum frutescens). 
Chrysanthemum coronarium. 
Inula pulicaria. 
Chrysanthemum pallens (‘‘false insect flowers’’). 
Chrysanthemum inodorum. 
Anthemis tinctoria. 
Helichrysum italacum. 
Anthemis cotula. 
Spartium junceum. 
Miscellaneous adulterants: 
Almond shells. 
Aloes (inspissated juice of leaves of various species of aloes). 
Arsenic. 
Borax. 
Brick dust. 
Chrome alum. 
‘‘Cockle of Levant.’ 
Euphorbium (gum-resin from Ewphorbium resinifera Berg.). 
Fleabane, horseweed (leaves and tops of Hrigeron canadensis L.). 
Hellebore (powdered root of Veratrum album). 
Jalap (dried tuberous root of Exogonium purga (Wend.) Benth.). 
Nux vomica (dried, ripe seed of Strychnos nux vomica L.). 
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Miscellaneous adulterants—Continued. 

Pepper. 

Quassia (wood of Picrasma excelsa (Swartz) Planchon; and of Quassia amara 1..). 

Quillaja, soap-bark (dried bark of Quillaja saponaria Molina, deprived of its 
periderm). 

Sawdust. 

Senna leaves (dried leaves of Cassia acutifolia Delile; or of Cassia angustifolia 
Vahl.). 

Starch, potato. 

Starch, wheat. 

Starch, variety not specified. 

Stems and leaves of insect powder plant. 

Sumach (dried fruit of Rhus glabra L.). 


HOW TO DETECT ADULTERATION. 


The methods which have been used in determining the genuineness 
of insect powders may be classified in 3: groups: 

1. Physiological_—The powder to be tested is tried out directly on 
one or more species of insects, and the time necessary to produce 
death compared with the time in which the same quantity of a known 
genuine insect powder will kill the insect. 

2. Microscopical.—Adulterants are detected by observation 
through the microscope, either with or without staining or other 
preliminary chemical treatment. 

3. Chemical.—The ash, ether extract, and other chemical deter- 
minations are made and the results compared with the average values 
for genuine powders. 

PHYSIOLOGICAL METHODS. 


Kalbruner (151), in 1874, was the first to record the physiolog- 
cal testing of insect powder. He states that 4 grains of a good 
insect powder sprinkled on a fly in a vial should produce stupor in 
1 minute and death in 2 or 3 minutes. Testing a number of commer- 
cial powders in this manner, he found that from 15 to 30 minutes 
were required to kill flies. Flowers representing a number of 
species of plants, as well as the powdered stems and leaves of Pyre- 
thrum roseum and cinerarizfolium, were tested in this way, and 
found to be quite worthless, as compared with genuine insect powder. 

In 1876, De Bellesme (63), in his research on the active principle 
of Pyrethrum, in order to show that its action was not the mechanical 
one of closing the pores of an insect, sprinkled flies with insect powder 
and also with powdered leaves, wood, and various other inert sub- 
stances. Those sprinkled with the Pyrethrum powder were almost 
dead after 1 hour, while those left for 10 hours in the inert powders 
Were uninjured. 
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In 1880, Sayre (240) tested the effect of the flowers of Pyrethrum 
roseum on flies and tadpoles. Unger (282), in 1888, while exam- 
ining insect powders, made use of Kalbruner’s ‘‘fly test.’? He, how- 
ever, used a weighed amount of powder placed on a sheet of white 
paper, over which the insect was imprisoned with a glass. Tested 
against Blatta orientalis (Oriental cockroach or black beetle) and 
Acarus faring in this manner, the powder from both the P. cinerarizx- 
folium and the P. roseum killed the insects in about 45 minutes. 
About the same time, Goff (104), in America, made tests with P. 
cinerarizfolium grown in California and a powder prepared from the 
flowers of Pyrethrum roseum, grown in New York from seed received 
from the United States Department of Agriculture, to determine 
the relative time required to paralyze flies. These tests indicated 
that the powder made from P. rosewm was slightly more effective. 

Hirschsohn (133), in 1890, while investigating the active constituent 
of insect powder, tested the activity of the powder by trying it on 
roaches. Two of the samples under investigation paralyzed roaches in 
3 minutes. From his tests on Blatta orientalis, Thoms (275) con- 
cluded that the physiological test was surer than either the micro- 
scopical or chemical test in arriving at an estimation of the worth 
of a powder. 

In 1895, Jelliffe (148) tested the action of insect powder on the 
common house fly (Musca domestica), the Croton bug or cockroach 
(Blatta germanica), the bedbug (Cimes lectutarius), and some black 
beetles (species undetermined), 

Dowzard (71), in 1899, conducted some tests on cockroaches. 
Slaus-Kantschieder (261), in 1918, stated that although the micro- 
scopical and chemical methods of examination furnish a basis for the 
grading of insect powder, for the determination of the true value the 
physiological test must be made. He conducts the test as follows: 
A 25 cc. flask is taken, about 1 gram of insect powder added, the flask 
then closed and shaken well, after which the flies are introduced. If 
the powder is of good quality the flies will come to rest within one 
half minute and die within 5 minutes. If the flies survive this period 
the insect powder is to be considered as of low value and old. 

Kuraz (165) has recently tested a number of commercial samples of 
insect powder, as well as closed, half-closed, and open flowers, and 
Pyrethrum stems grown at Korneuburg, near Vienna, according to 
the method of Slaus-Kantschieder. The ordinary house fly (Musca 
domestica) was used in these tests, and the time noted in which the 
insect fell over on its back. The results are summarized in Table 2. : 
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TaBiE 2.—Physiological examination of insect powder.’ 


Time required. 


Product, : 
Mini- Maxi- 


mum. | mum. |V¢rage- 


Min. Sec.| Min. Sec.| Min. Sec. 
4 45 


Commercial powder ground from wild flowers... ....-...ss0s0---+----+--- 0 40 1 09 
Commercial powder ground from Montenegrin closed flowers... L~- 04 Deas 1 43 
Commercial powder ground from Dalmatian half-closed flowers 1 00 2 22 Le nod 
Commercial powder ground from Dalmatian open flowers. .... 2 08 4 27 3 00 
PTBIMELCIANMOWAC! . -(igse sa. nis aoece soo. ss- sce ssseeeeceaees SoA See DOr eth hes tun el On Op 
Commercial powder ground from open Dalmatian flowers... ..-...-.-.--- 2 20 4 50 3 28 
Commercial powder ground from closed Dalmatian flowers. ..........--.. 0 45 eeeoD: Lis 
Commercial powder ground from closed Montenegrin flowers. .....-..-.-. 0 40 1 34 1 04 
MRITETFTERCIS LOW OCl ie nein cin cen SSaacicin e awicinc cedeg seneebaewee sees rasene ace Sirsa F101 "00 6 02 
Powdered closed flowers grown at Korneuburg, 1913........-...-.-.----- 1 - 20 233 1 53 
Powdered half-open flowers grown at Korneuburg, 1913.............------ 0 54 1 48 1°18 
Powdered closed flowers grown at Korneuburg, 1914................------ 0 45 1 48 ser 1G} 
Powdered half-open flowers grown at Korneuburg, 1914..............--.-- 0 40 Seay Hs Ai as 
Powdered open flowers grown at Korneuburg, 1914. ................-.---- 0 40 1 28 1 oles 
Powdered stems grown at Korneuburg, 1914....................---------- oe 05 8 49 5 16 


150 tests were made on each sample. 


In testing the action of insect powder against various insects Smith 
(263) and many other entomologists used different brands of com- 
mercial insect powders. Their results were comparative, as they 
were without samples of known purity, and their experiments are 
without value in showing the presence of adulterants. 


MICROSCOPICAL METHODS. 


There has been much divergence of opinion as to the value of a 
microscopical examination of an insect powder in determining its 
genuineness. For instance, Jelliffe (148) concludes that ‘the 
microscope is the only possible means for detecting the presence of 
powdered stems in insect powder.’’ On the other hand, Beringer 
(29), after examining genuine insect powder and the powder made 
from the flowers of the Hungarian daisy, says, ‘‘ Microscopically no 
difference could be detected between the two powders.’’ Howie 
(139) states that he finds chemical methods more exact and trust- 
worthy than microscopical ones for detecting added fustic, chrome, 
and turmeric. Again, in discussing Kirkby’s (156) paper, he says 
that he has little faith in microscopical observation for ascertaining 
the value of an insect powder, the physiological test with the black 
beetle being the best. 

For recognizing the presence of certain adulterants, as for instance 
starch or starch-bearing materials, the microscopical examination 
is of great value, but in the powdered state flowers of certain of the 
Compositze closely allied to Pyrethrum are so similar to insect flowers 
as to render their detection difficult. Again, although an adulterant 
can usually be detected qualitatively by the microscope, no exact 
quantitative method has as yet been devised for its determination. 
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Trottner (278) has worked out a method in which the value 
of an insect powder is determined by estimating the number of 
pollen grains in 1 milligram of the sample. His results, however, 
vary greatly, as shown in Table 3, which summarizes all of his re- 
ported determinations. 


TaBLE 3.—Number of pollen grains per milligram of insect powder. 


Pollen 
Product. grains in 1 
milligram 
Closed flowers of C. cinerarizfoliwm pulverized in a mortar 2,881 
O nfs ba shine Sad ene = tiie odes deen a cute coe elec emieiny «REDE = SAME ee Ee ee eines ae aig a ee 2,159 
Open flowers of C. cinerarizfolium pulverized in a mortar 545 
Op Gan soa snagdsdeds add copa sanadonsbasessaddesnssescssec 210 
DY fey carpe ne aaa ge re UC Oe eet I ree re Syn ta. 2 Pk 151 
Commercial powder ground from closed flowers (Riedel) 3, 066 
Commercial powder ground from open flowers (Riede!).............-.---------------+------- 158 
Commercial powder ground from closed flowers (Cesar and Loretz)......--...-..-.--.------- 2, 255 
Commercial powder ground from half-closed flowers (Cesar and Loretz).:.-.......--.--..-.- 
Commercial powder ground from open flowers (Czesar and Loretz).........-.-.-..-------.--- 785 
Commercial powder ground from closed flowers (Schuchardt)........-.--..-..--------------- 4, 402 
Commercial powder ground from half-closed flowers (Schuchardt)-............--..-----..---- 5,544 
Commercial powder ground from open flowers (Schuchardt).....-.....-.---.---------------- 1,319 
Commercial powder (Apothecamy7Ay):so- oso «oe oo cc ase See ee ee eee nee rere 2,071 
Commercial powder ground from wild closed flowers (Apothecary B).....-...-..-.--.--.---- 1, 235 
Commercial powder (Apothecary C) o.oo on onc ee cee = eee oe Renee ee eee eee 1,176 
Commercial powder ground from cultivated closed flowers (Apothecary D)..-.....-.....-... 575 
Commercial'powder(Apothecanye)scn.ce 2-502 neces ce ocr cence Ee eee eee Eee eee eee - 550 
Pulverized closed flowers of P. rosewm...........-.---0---020 22222 eee ee eee eee eee eee eee eee 4,721 
Pulverized'open flowers Of ba Noseuli=senae sane en ee ne eee e eee eee EEE eee eee ee 2,264 
Flores Pyrethri rosei, pulvis No. 0 (Gehe and Co.)...........------------0---- 2-2-2 eee eee 5,741 
Flores Pyrethri rosei, pulvis No. 1 (Gehe and Co.)..........---------------2-2-+ +2 eee enone eee 3, 482 


MorrHOLoGY or WHOLE INSECT FLOWERS. 


The flowers usually employed in the production of insect powder 
or Pyrethrum powder are derived from either the Dalmatian or the 
Persian insect flowers, botanically known as Chrysanthemum cine- 
rarizfolium (Trev.) Bocce. and Chrysanthemum roseum Web. & Mohr., 
respectively. The Dalmatian flowers compose the greater part of 
the commercial insect powders, the Persian flowers being rarely seen 
in commerce at the present time. Of recent years, Japanese insect 
flowers have been coming into the market. According to one 
authority (24) the form known as Chrysanthemum indicum, with a 
yellow ray flower, is widely spread through China and Japan, while 
in the mountains of Hupeh occurs a white or pink rayed form, which 
has been named Chrysanthemum morifolium. Dr. Henry, who has 
collected specimens which are in the Kew herbarium, considered 
these two wild plants the probable progenitors of the cultivated 
strains. As far as histological characters are concerned, the Japanese 
flowers can not be distinguished from Chrysanthemum cinerarizx- 
folium. 

A review of the literature has shown that some little work has 
been done on the morphology of the whole insect flowers. The 
descriptions to follow are condensed reviews of the most important 
articles. They are somewhat abbreviated for the reason that the 
literature already contains numerous descriptions of the flowers, 
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also because it is considered more expedient at this time to place 
the greatest emphasis upon those diagnostic characters whereby 
commercial powder may be accurately analyzed microscopically. 

Siedler’s (150) (258) morphological description of the Dalmatian 
flowers, which is quite in detail, may be summarized as follows: 
The Dalmatian flower stem is 8-sided and very hairy; receptacle 
slightly arched; involucre consisting of 3 rows of scales, the inner 
scales lanceolate and about 4 mm. long, the scales of the middle row 
about 6 mm. long. All of the scales have a flat inner surface, the 
outer surface being more or less keeled, possessing a scarious margin 
and covered with hairs. The whitish ray flowers measure about 15 
mm. in length and 4 mm. in width, 3-toothed at the tip, the middle 
tooth being somewhat smaller than the other two. The disc flowers 
are tube-shaped and 5-toothed, possessing the typical Composite oil 
glands and containing more or less of the yellow, 3-pored, spiny pollen 
grains. The fruits of the ray flowers exhibit a different structure 
from those of the disc flowers, being somewhat flattened on the side 
lying next to the outer bracts, and possessing 2 furrows, while the 
inner side has 3. The fruits of the disc florets consist of 4, sometimes 
6, nerves. A small crown is present on all the fruits. 

Collin (47) designated 3 distinct commercial varieties of Dalma- 
tian insect flowers: 

1. Closed flowers.—Flower heads, varying from 3 to 7 mm. in 
diameter, generally furnished with a very short striated peduncle. 
Bracts, greenish-yellow, closely appressed. Corollas of ligulate 
florets almost always entire; grayish-white in color, and wrinkled 
and shriveled over the tubular florets, so as to conceal them almost 
completely. Very few expanded flowers present; very few frag- 
ments of corollas, ovaries, or bracts mixed with flower heads. 

2. Half-closed flowers.—Peduncle longer, even 4 or 5 cm. long. 
Flower heads full, bracts with a yellowish-gray color. Ligulate 
florets can usually be distinguished; tubular florets still retain their 
corollas more or less intact. 

3. Open flowers.—Recognized by the size of the flower heads, 
many of which attain a diameter of from 9 to 11 mm. Usually 
completely expanded when gathered and hence few of them intact; 
some ligulate florets destitute of corollas and in many others the 
corollas of the tubular florets have been separated from the ovaries 
which remain attached to the receptacle. This variety contains 
abundant débris of the corollas and ovaries, and therefore is not as 
choice commercially as classes 1 and 2. He described the various 
parts of the Dalmatian flower head as follows: Bracts, outermost 
thicker and shorter than the others; more strongly curved and more 
pointed at the apex; those from the middle row lanceolate, slightly 
curved; the inner scales are as long as the middle ones but thinner 
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and spatulate in shape. All scales thickened in the center, grad- 
ually becoming thinner toward the margin, which is scarious and 
transparent. Ligulate florets with 3 teeth at the apex, central tooth 
smaller than the other two. Calyx with fringed or slashed margin. 
Ovary possesses 5 projecting ridges. Tubular floret corolla rather 
deeply 5-toothed. Peduncle channeled and hairy. 

The Persian (186) or Caucasian insect flowers (Chrysanthemum 
roseum) differ somewhat from the Dalmatian flowers, and will be 
but briefly described. The flower heads somewhat resemble those 
of the Dalmatian variety, but are a little smaller. Ray florets, a 
reddish-purple tinge; involucral scales, dark and with reddish-brown 
edge. Fruits usually 10-ribbea. Involucre not as hairy as that of 
the Dalmatian flower. 


SUMMARY. 


Dalmatian flowers.—Involucre: Imbricate and campanulate; scales 
‘matted with hairs; individual bracts slightly thickened or keeled, the 
inner bracts becoming thinner and more chaffy or scarious at the 
margin. 

Ligulate florets:. Yellowish-white or of a light straw color; pistil- 
late; apex 3-toothed, the middle tooth usually being shorter than 
the other two. 

Disc florets: Perfect, deeply 5-toothed, and yellowish in color. 

Achenes of ligulate florets: Distinctly 5-ribbed; rather more flat- 
tened and curved than achenes of disc florets and somewhat larger; 
possess small-toothed crown. 

Achenes of disc florets: Distinctly 5-ribbed; not as curved or flat- 
tened as those of the ligulate florets; somewhat smaller; possess 
small-toothed crown. 

Persian flowers.—Involucre: Imbricate and campanulate; scales 
almost glabrous; hairs numerous in depression at juncture of peduncle 
and receptacle; scales dark and bordered by a distinctly reddish-brown 
edge; inner scales more scarious than outer ones; appear to be 
more densely fibrous than those of the Dalmatian flower. 

Ligulate florets: Tinged a rather purplish-red; pistillate; apex 3- 
toothed, middle tooth often somewhat longer than the other two. 

Disc florets: Perfect, deeply 5-toothed. 

Achenes of ligulate florets: Usually 10-ribbed; more flattened and 
curved than achenes of disc florets and somewhat larger. 

Achenes of disc florets: Usually 10-ribbed; not as curved or flat- 
tened as those of the ligulate florets; somewhat smaller. 


MicroscoricaAL CHARACTERISTICS OF INSECT PowDER. 


Before taking up the general plan followed by the authors in the 
microscopical examination of a commercial powder, the most impor- 
tant work done by other investigators will be reviewed briefly. 
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Collin (47) has condensed the descriptions of the diagnostic charac- 
ters for the various parts of the flower head of Chrysanthemum cine- 
rariefolium, which may be summarized as follows: 

Fragments of the bracts: Epidermis striated and provided with 
numerous stomata, T-shaped hairs, and oil glands; under the epidermis 
of the central part there is a very characteristic fibrous hypoderma; 
the margins are very thin, and bear numerous T-shaped hairs. 

Corolla of the ligulate florets: Upper (inner) epidermis character- 
ized by being papillose over the whole surface, and by the sinuous 
striated cells of the lower (outer) epidermis. 

Corolla of the tubular florets: Epidermis papillose near the apex 
but smooth over the remainder of the corolla, the latter portion con- 
sisting of regular cells containing rosette crystals of calctum oxalate. 

Calyx of the tubular florets: Tissue of the calyx strengthened by the 
presence of numerous elongated, lignified cells. At the junction of 
the calyx with the ovary there is a disc composed of large, very irregu- 
lar cells, with thick, hgnified, pitted walls. Many of these cells contain 
prismatic crystals of calcium oxalate, one in each cell. 

Ovary: Epidermis of the intercostal depressions is characterized 
by the presence of numerous oil glands and clinorhombic crystals. 
There is a lignified hypoderma similar to that of the lower part of the 
calyx. Walls of the ovary contain very large ducts filled with a brown 
eranular secretion. 

Anthers: Filaments consist of regularly arranged square cells; pol- 
len grains, tubercular, having 3 pores. 

Style: Cells of apex papillose; those of the stigma present a scale- 
like arrangement. 

Receptacle: Characterized by large, rounded, pitted cells. 

Peduncle: Débris furnished with T-shaped hairs and oil glands. 

Hart (119) has called particular attention to the large number of 
translucent particles which he found in the ray florets. They oc- 
curred in every part of the flower head, except the bracts, but were 
most numerous in the ray florets. When treated with osmic acid 
they darkened very slightly, if at all, but when treated with an 
alcoholic solution of alkannin they turned red, which proved them to 
be resinous. 

Schrenk (249) observed that the stems of the flower heads of Chrys- 
anthemum cineranixfolium (furnishing the Dalmatian flowers) consist- 

ed of collenchyma tissue which exceeded in amount the bast and 
woody tissues of the fibro-vascular bundles. Therefore fragments of 
collenchyma cells would be present in proportion to the amount of 
stems present, being very sparse in a good powder. The use of chlor- 
iodid of zinc was recommended for their detection. Schrenk found 
the scales of the involucre to be stiffened on the outer side and on 
both sides of the midrib by a coherent layer of sclerenchyma cells, 
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many of which were elongated, having oblique or pointed ends and 
being joined in the manner of prosenchyma cells. These were usually 
found as fragments in the powder, and could be recognized by their 
walls pierced with narrow canals. He also observed these fragments 
: to be much more numerous in the Persian than in the Dalmatian 
i powder. He explained this by the fact that the greater portion of 
the very rigid, greenish, involucral scales (with the exception of the 
dark, reddish-brown scarious margin) consisted of sclerenchyma cells. 
Hi Numerous hairs of a-very characteristic structure were found on the 
. outer surface and along the membranous edges of the scales of the 
HI Dalmatian flowers and on the flower stems as well. Hach of these 
| hairs consisted of a long cell with attenuated ends, placed horizontally 
| ona 1 to 3 celled stalk arising from the epidermis. The terminal hori- 
| zontal cell was bent and twisted in various ways, rather hooked at the 
| end and forming feltlike layers, especially on the outermost scales. 

| ‘ Schrenk detected few hairs in the Persian flower insect powder 
/ which he examined. The flowers of Chrysanthemum roseum which 


he subsequently examined were almost entirely glabrous, with the 
exception of the hairs found where the stem widens into the recep- 

| tacle, as well as at the base of the outermost scales. The hairs were 

i of the same structure as those found on Chrysanthemum cinerariz- 
folium, only the terminal cells were much longer. He considered the 
papillz covering the upper epidermis the most conspicuous among the 
fragments of the marginal corolla. These were not regarded as 
diagnostic, since the petals of other related species are similarly con- 
structed. Stomata were remarkably numerous on the lower side of 
the marginal corolla. He did not find the insect flowers raised in 
California (Buhach), which belong to Chrysanthemum cinerariz- 
folium, any different in structure from flowers grown in their native 
country. 

Kirkby (156) and Verneau (285) have called attention to one dis- 
tinction. which they believed might aid in identifying the Persian 
powder. They found the papille of the ray florets to be larger than 
those of the Dalmatian florets, thickened somewhat more at the apex, 
and with sides making a wider angle. Malfatti (186) has gone into 
the description of the Caucasian (Chrysanthemum roseum) flowers 
quite extensively, figuring the various parts of the flower head. 
Siedler (258) describes the physical characteristics of powders made 
from different parts of the flower. f 


Microscoric EXAMINATION OF INSECT POWDER. 


Before attempting the critical examination of a commercial insect 
powder, the microscopist should become thoroughly familiar with 
the various parts of the insect flower head, in the whole as well as 
in the powdered condition. It has been found advantageous to sep- 
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PLATE I. 


Fig. |.—“‘PUCKERED’’ PAPILL4, RAY Fig. 2.—MARGINAL PAPILLZ, RAY FLORET. 
FLORET. (X290.) ; (X210.) 


Fig. 5.—BRACT TISSUES. (X120.) Fig. 6.—STEM TISSUES. (X84.) 


PLATE II. 
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Fa. 2.-STRIATED CELLS, RAY FLORET. 


(X290.) 


Fic. 1.—SiNUOUS CELLS, RAY FLORET. 
(X254.) 


Fic. 4.—STALKED HAIR. (MAGNIFIED.) 


Fic. 3.—TWISTED HAIRS FROM BRACT,. 


-Fia. 6.—PoRTION OF STIGMATIC LOBE. 


(X130.) 


Fic. 5.—PAPILL4, RAY FLORET. (X140.) 
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arate the disc and ray florets, the achenes and bracts, grinding them 
separately to the average fineness of a commercial powder. <A study 
of these powders ground from the separate parts of the flower head 
will enable one to readily recognize them in a commercial sample. 
Powders ground from closed and open flowers should also be ex- 
amined. The closed-flower powder is rich in the spiny, 3-pored 
pollen grains, and should not contain an excessive amount of scler- 
enchymatous tissue. The presence of considerable sclerenchyma- 
tized tissue usually indicates very mature (open) flower heads. The 
powder of open flowers does not contain as much pollen, but tissues 
from the achene are present in appreciable amount (Pl. IV, figs. 
1 and 2). 

The powder to be analyzed microscopically should be thoroughly 
mixed. This is best done by spreading the sample upon a sheet of 
white paper and mixing the powder with a spatula. Flattening 
the powder out upon the paper often reveals the presence of whole 
unground pieces of material which can be transferred to a micro- 
scopic slide and examined. After mixing, a composite sample is 
taken from various parts of the sample. A small amount of the 
powder is placed upon a microscopic slide, a drop or two of distilled 
water added, and the cover glass adjusted. If examination of the 
water mount reveals the presence of any foreign starch, a small 
amount of a solution of iodin in potassium iodid is drawn under the 
cover glass. This reagent stains blue any starchy material that may 
be present. For further examination a small portion of the powder 
should be mounted in chloral hydrate solution and gently heated over 
theflame. This solution serves to dissolve any starch that may be pres- 
ent, and clears the tissues generally. Until the microscopist has 
become thoroughly familiar with the Pyrethrum tissues, standard 
samples ground from the various parts of the flower head should 
be kept on hand for comparative study. 

Siedler (258) employed phloroglucin and hydrochloric acid in de- 
tecting the presence of lignified tissues (vanillin reaction). On ap- 
plying these reagents to disc-flower powder very little lignified tissue 
was evident, although pollen grains and fragments of papillate cells 
were numerous. The powder from the involucre showed a large 
number of woody elements, isolated vessels, thick-walled prosen- 
chyma cells, scleroids, and pitted parenchyma cells. The short- 
» stalked T-hairs were characteristic of this powder. The ray-flower 
powder exhibited very little lignified tissue, but a large number of 
papillate fragments, the cuticle layer, and large epidermal cells 
which were characterized by their striated surface. The powder 
from the receptacle showed small, yellowish-brown cells which did 
_ not give the vanillin reaction. Thin-walled, porous cells were nu- 
merous, also lignified prosenchyma cells and large isolated vessels. 
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Frequently the analyst is called upon to make an estimation of the 
approximate quantity of insect flower stems that may be present in 
a powder. The fragments of stem tissue, occurring to some extent in 
every insect powder, are readily distinguished from the other tissues 
present. The stems, when ground, invariably break up into longi- 
tudinal sections. Cross sections seldom appear in the powder. 
These long strands of collenchyma cells, fibers, and vascular elements 
have a characteristic appearance, possessing brushlike or slightly 
frayed ends, differing very much from the shredded appearance of 
the fragments of bract tissue. For the purpose of estimating the 
percentage of stem tissues present in a powder, it has been found 
convenient to make up standard powders, containing known amounts 
of ground stem tissues, to be used for comparison with the commercial 
samples. Mounting the powder in xylol often facilitates the detec- 
tion of stem tissues. The patches of involucral tissue are invariably 
quite torn and coarsely shredded, and not in the long, smooth pieces 
characteristic of the stem tissue. The fruit (achene) tissue of the 
Dalmatian flowers occurs in squarish patches of short, thick-walled 
sclerenchyma cells, containing numerous crystals, many of them 
diamond-shaped., These crystals exhibit a variety of colors under 
polarized light, and are a means of distinguishing the Persian from 
the Dalmatian flowers, the Persian flowers lacking these crystals in 
the achene tissues. 

Microscopically some differences exist between the Persian and 
Dalmatian powders. As has already been mentioned, the marginal 
papille are somewhat different in the two species, although this 
character would not be recommended as a final means for distin- 
guishing between the two. The two varieties of flowers are much 
more easily distinguished from each other in the whole form than in 
the powder. 


HistoLtocy or PowpER ELEMENTS. 


Powder, when pure, is a golden yellow, turning bright yellow when 
mounted in potassium hydroxid (or other alkaline) solution. Japa- 
nese powders appear to be more yellow and aromatic than other com- 
mercial powders, and assume various greenish or ashen hues, depend- 
ing upon the amount of stems present. The pure powder possesses 
more or less of an aromatic odor. If stems are present in appreciable 
amount, the powder tends to have a characteristic sage or tealike 
odor. 

Phloroglucin and hydrochloric acid are useful in determining the 
amount of lignified tissue present. lLignified tissues assume a red 
coloration with these reagents. (Phloroglucin solution: 0.1 gram in 
10 ce, of 95 per cent alcohol. Concentrated hydrochloric acid.) 
Potassium iodid solution of iodin turns starch a deep blue (0.05 gram -: 
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Fig. |.—CRYSTALS, DISC FLORET. (X<1I96.) Fig. 2.—ToOoTH, DISC FLORET. (X140.) 


FFiG. 8.—POLLEN GRAIN. (X290.) .FiG. 4.—POLLEN GRAINS. (X140.) 


Fig. 5.—ACHENE TISSUE AND CRYSTALS. Fig. 6.—CRYSTALS FROM ACHENE. 
(X204.) ((MIAGNIFIED.) 


aio 


PLATE IV. 
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Fic. 1.—POWDER FROM OPEN FLOWERS. (X72.) 


Fic. 2.-POWDER FROM CLOSED FLOWERS. (X72.) 
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of iodin and 0.2 gram of potassium iodid in 15 cc. of water). Chloral 
hydrate solution dissolves starch and clears the tissues (about 5 parts 
chloral hydrate in 5 parts of water). 


DALMATIAN FLOWERS. 


1. Numerous 3-pored, spiny pollen grains (Pl. III, figs. 3 and 4). 

2. Marginal papille and papille in surface view presenting a 
‘“‘nuckered”’ or 3-cornered appearance (PI. I, figs. 1 and 2). 

3. Sinuous, striated cells of epidermis of ligulate florets (Pl. I, 
figs. 1 and 2). 

4. Toothed fragments of the disc florets (Pl. IIT, fig. 2). 

5. Shredded fragments of involucral scales, strongly lignified (PI. I, 

, 5). | 
os Attenuated and twisted horizontal cells of T-shaped hairs from 
the bracts (Pl. II, figs. 3 and 4). 

7. Occasional strands of stem tissue, much larger than other frag- 
ments, and usually possessing roughened or fibrous ends (PI. I, fig. 6). 

8. Oil glands from the corolla and fruit. These are very seldom 
detected in the powder. 

9. Somewhat rectangular patches of sclerenchyma tissue from the 
fruit, containing numerous diamond-shaped crystals exhibiting a 
variety of colors under polarized light. Numerous isolated stone 
cells are also often found in powder ground from mature flower heads 
(Pl. I, figs. 3 and 4; Pl. III, fig. 6). 


PERSIAN FLOWERS. 


The diagnostic characters of the Caucasian or Persian flowers 
(Chrysanthemum roseum) in the powdered form are rather similar to 
those of the Dalmatian flowers. As already stated, the papille of 
the ray florets differ somewhat, and the achene tissues do not contain 
the crystals characteristic of the Dalmatian flower fruit. The reddish- 
brown scarious margins of the bracts are often more striking in the 
Persian powder than in the Dalmatian. Collin (47), who also studied 
the Persian flowers, has summarized the principal diagnostic char- 
acters which distinguish them from the Dalmatian flowers. 


SUMMARY. 


Of course, the relative abundance of many of the tissues mentioned 
depends upon whether the powder is ground from open or closed 
_flowers. Pollen is more abundant in closed-flower powder and 
sclerenchyma tissues in open-flower powder. The greater part of 
the pollen of closed or immature flower heads still remains in the 
closed ‘‘buds”’ or heads, the pollen not having as yet been scattered 
by the wind. On the other hand, the mature flower heads are practi- 
cally devoid of any great amount of pollen, but contain the mature 
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achenes, or fruits, still attached to the receptacle, or, very often, 
fallen out, depending upon the ripeness of the heads. Consequently 
appreciably little of the achene or fruit tissues is found in closed- 
flower powder, while powder ground from open flowers is rich in the 
lignified tissues of the fruit and quite devoid of pollen grains. 

Stem tissues occur in all powders to some extent, although they 
should not be present in excessive amount. Careful study of the 
stem tissues and the tissues of the flower head will show that there 
is not the slightest difficulty in distinguishing between them. 

The following references in the bibliography (p. 83) deal with this 
subject: 23, 24, 29, 47, 69, 106, 115, 116, 117, 118, 119, 137, 148, 150, 
152, 156, 162, 163, 169, 174, 186, 199, 202, 246, 249, 257, 258, 261, 
278, 279, 281. 282) 28h 939: 


CHEMICAL METHODS. 


_ In all of the published work relating to the chemical analysis of 
insect powder the determinations have been practically confined to 
those of ash and of ether-soluble material, together with specific tests 
for turmeric, lead chromate, and other adulterants, the presence of 
which might be suspected. The active principles of the powder 
being unknown, a comparison of the contents of the ash, ether ex- 
tract, etc., of the sample undergoing examination with those of 
powders of known purity has afforded the only method of judging the 
genuineness of a commercial powder by chemical means. 

The first published analyses of insect powders are those reported 
in 1879 by Hilgard (131), who determined the ether extract of 4 
samples with the results shown in Table 4. 


TasBLE 4.—Ether-extract content of insect powder (Hilgard). 


Ether 


Product. extractl 


Per cent. 
“Persian:Insect Powder’ .i.. jos .5si422- denl = Leis S eee SCR THESE SOROS A EERE ats5 Sp SEROR f 9. 
“Buhach’? (sample‘growminll878). oon 2. Get ee ooo pose oe Onan or ne eee eee ee eee 6. 
“Buhach? (sample,grown iin 1879) 292 vonjosk - See ae eae Se | a ee eee ep anes 5. 
““Lyon’s MagneticwPowder?. fo. 0.2 Soh 2h. Loe ey pees a ea es ae ee Ra ae eer 4 


His tests of these extracts on insects showed that the amount 
of the extract present was not necessarily a measure of the efficiency 
of the powder. 

Grote (108), in 1880, found lead chromate in a sample of insect 
powder. He regards the odor of an insect powder as furnishing 
more evidence of its genuineness than the color. Kral (164), in 
1880, found curcuma in a series of insect powders, but no lead chro- 
mate. Howie (139), in 1883, reported the results of the chemical 
examination of 12 insect powders. He considered the chemical 
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method for the detection of added coloring matter as more accurate 
than the microscopic method. The results obtained on these 12 
samples are shown in Table 5. 


TABLE 5.—Chemical examination of insect powder (Howie). 


MIMMIPHONGIED yn tence. won Seren oe case eee ecees d 
TAI PALMNACION: sels cont cae aes 9 he cede 


Semple Vendor’s definition. Color. Adulterant. Ash. 
Per cent 

te einisect powder. ./. 2). -cead-- 9.02. - rap seisesqe b= Genuine sees eee a eaeeeee 6. 2 
Ue ee CDOS ely aeaceeeecte = alone tentacle oi ado. a eeieg |: 22° ae Mae cieis (ua stresses isnt eters Thal 
PH erate eat ela siera\sinicicjnlatele nc tersiaiaie iveidrab..-. .-|---= « Oricon eenqDeeresncecuaee 6.0 
4 | From closed flowers.....-.......-- Yellowish.......|..-.. Comet Haatere sete tiene 6.8 
5 | All closed flowers 6. 2 
GeO Men HOWCIS. cocci n= os eo [ines ord 6. 2 
li iireoy powder... 10.5 
hls ees ORs ee 9.6 
OS irOntee see bess 9.2 
10 | All closed flowers 8.0 
9.4 

6.0 


An anonymous writer in 1884 (13) suggested testing insect powder 
with ammonia water, which would cause an artificially colored powder 
to turn a more or less dark brown, while an uncolored powder would 
change only slightly. Exposed to direct sunlight a genuine powder 
in the course of a few hours loses its color, according to this writer. 
Meyer (202), in 1887, proposed to test for mineral impurities in an 
insect powder by shaking the sample with chloroform, which would 
cause the powder to rise to the top of the liquid, while the inorganic 
substances would settle to the bottom. 

In 1888 Hart (119) found an ash content of from 6.10 to 6.40 per 
cent in samples of insect powder and one of from 5.40 to 6.10 per cent 
in insect flowers. The ash content of the peduncles and receptacles 
of the flowers was 5.60 per cent. Beringer (29), in 1889, made the 
determinations given in Table 6 on flowers of the Chrysanthemum 
cinerariefolium and of the Hungarian daisy (C. leucanthemum). 


TABLE 6.—Chemical analysis of flowers of C. cinerarixfolium and C. leucanthemum 
(Beringer). 


Determination. 


Product. Petro- 
leum- Ether Alcohol | Water 
ether extract. | extract. | extract. 
extract. 


Ash. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
Chrysanthemum cinerarixfolium..........------------ 2.49 2.85 6.57 16. 70 6.50 
| SICSWa YEE Y LES W01 Co ESTES) coe a ra 3.37 2.68 9.45 13.43 9.30 


Beringer stated that no difference could be detected between the 
two powders by microscopical examination. 
139815°—20—Bull. 8243 
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Unger (282) reports certain results of examination of Pyrethrum 
flowers (Table 7). 


TABLE 7.—Chemical analysis of Pyrethrum flowers and powder ( Unger). 


Determination. 
Sam- Moisture. 
ple Product. Ash on Remarks. 
No. ae water 
rie ree 
over Los at basis. 
H,SO,4. : 
Per cent. | Per cent. | Per cent. 
1 | Closed Dalmatian flowers. ......--.- 7.02 8.4 7.67 | Much manganese present. 
OA lia LOR ha ieee oe ee inmate trnutins 12:08 ))\42 Oceans 6. 89 Do. 
3 | Open Dalmatian flowers..........-- 145 a eee 6.04] . Do. 
4 | Insect powder..........------------ 5,49) ees 7.07 Do. 
5 | Closed Dalmatian flowers. --....---- 10.29 10. 81 7.12 Do. 
6 | Powdered closed Dalmatian flowers. (EAN Neusdasa ses 7.56 
7 | Dalmatian insect powder. .........- PIS LIA PR act 6. 21 Do. 


Three samples of flowers, 2 of Pyrethrum roseum and 1 of P. cau- 
casicum, grown near Berlin, were examined, the results in Table 8 
being secured. 


TABLE 8.:—Chemical analysis of insect flowers grown near Berlin. 


Determination. 
Sam- 
ple Product. Mois- Ash on Remarks. 
No. ture water- 
(loss at free 
100°). basis. 
Per cent. | Per cent. 
1 | Flowers of P. carneum....- 8.3 8.18 | Much iron present, but no manganese. 
2 | Flowers of P. caucasicum.. 5.67 7.92 | Iron (0.19 per cent) present. 
3 | Flowers of P. carneuwm._....--...-. 4. 88 10.21 


Unger (282) reports the analyses given in Table 9 for adulterated 
insect powders. 


TaBLE 9.—Chemical analysis of adulterated insect powders (Unger). 


Gamble Product. Ash. Remarks. 
Per cent. : 
1 | Insect powder..-.-- 6.61 | Stems present; almost no pollen grains. 
PN rei AOs jasc sobssone 9.7 | Curcuma and stems present; pollen grains few. 
3: sn ORE ee Seat 7.3 | Curcuma present; no manganese. 
(BIE AC OYE tes oF dporeon 7.93 | Barium chromate and many stems present; no pollen grains. 
Disa Oss ccetcenieeee 8.33 | Lead chromateand many stems present; few pollen grains. 
Gn dome cscense eee 7.39 | Very little manganese; curcuma present. 
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In another place (282, p. 167) Unger has recorded the results 
shown in Table 10. 


TABLE 10.—Chemical analysis of insect powders and flowers from Dalmatia ( Unger). 


Determination. 


peuple : Product. Ash on Remarks. 
Moisture. yes 
basis. 


Per cent. | Per cent. 
8. 56 


ty Plnsect powder. *.’..--.'.%:.. - 8.33 | No manganese; barium chromate and stems 


present. 
By. cdl remogereencaseceleed bieseoccded lboceccucec Do. 
ad [prea Oeiieciemnsiniaistela sie sisia(s lsscecacbes 7.3 | No manganese; much iron. 
4 | Flowers from Spalato..... 8.44 6.74 | Strong in manganese. 


From the fact that he found no manganese in Pyrethrum stems, 
while it was always present in the flowers, Unger proposed to deter- 
mine whether a powder was strongly adulterated with stems by test- 
ing for manganese. Thoms (274), in 1890, however, found manganese 
in the ash of C. leucanthemum and P. indicum, and Siedler (258) 
showed that Pyrethrum stems are not entirely manganese-free. 
Appreciable quantities of manganese in Pyrethrum stems from 
Japan have been found by the authors. Unger’s test is of no value. 

Thoms (274), in 1890, reported an ash content of 6.93 per cent in 
whole flowers of C. cinerarizfolium, and one of 6.94 per cent in the 
same after powdermg. He (275) would determine the value of an 
insect powder by a determination of its ash and petroleum-ether ex- 
tract, together with a microscopical examination. From Dalmatian 
insect powder which had been dried at 100°, Thoms obtained by ex- 
tracting with petroleum ether 5.34 per cent of a brown-yellow extract 
(dried at 80°), which had a strong odor of insect powder. Other 
powders gave from 5 to 3.89 per cent. An adulterated insect pow- 
der gave only 3.83 per cent extract, without the characteristic odor. 
Flowers of Chrysanthemum leucanthemum (Hungarian daisy) yielded 
4.02 per cent extract. 

The Chemist and Druggist for March 22, 1890 (17), reports an ash 
ontent of 6 per cent on a sample of insect powder prepared from 
owers grown in Gippsland, the southeastern district of Victoria, 
ustralia. 

EKymard (77), 1890, gives the analysis of Pyrethrum powder 
hown in Table 11. 


1 Manganese was determined in the various grades of insect flowers and stems of both Dalmatian and 
apanese origin, the following average amounts being found: Japanese stems, 0.0123 per cent; Dalmatian 
tems, 0.0077 per cent; Japanese closed flowers, 0.0155 per cent; Dalmatian closed flowers, 0.0096 per cent; 
almatian open flowers, 0.0076 per cent. The manganese content of both stems and flowers varies so 
eatly and differs so little in the two parts of the plant that any method for estimating the amount of 
owdered stems in an insect powder from a determination of its manganese content is valueless, 
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TaBLE 11.—Analysis of Pyrethrum powder (Eymard). 


Rese mallee sn celta. soi <4 = ce ac eee Small amount. 
Bodies soluble in ether (5.60 per cent) composed of: 
Matiybodiest(per cert)» 2.) Sk Se oe eee eee 3. 80 
Resinous-bodies:(per cent). ~ 222. -sss ses bs eegee eee eee 1. 80 
Bodies soluble in alcohol (94.4 per cent (sic)) composed of: 

‘Brown resins (per cent). 25. jes 23 ee ee ee 4. 80 
Plantalbamen (percent) ... 1202/2... onal a eee 1.75 
Gummy ‘substances (pet cent) .s532 ---2)2 822 ee eee 14. 75 
Inulin and soluble amidon (per cent).......------.-----.--- 8. 50 
Mineral salts((pericent) = — 50k 2. 2 see eee ee ees 7. 88 
Woody matter, by difference (per cent)....-.--.....-------- 56. 72 

Total (percent). 3500 202 cad ie es aes eee ee 100. 00 
Mineral matter: 

Potassium chlorid .(per-eent): 2.352. Ses eee 1.94 

Caleium-carbonate (per cent). 93225 seers a ee eee 4.15 

Caleruni*phospllate (percent): . 72. 22 ean en 0.17 

Jron-and: silica (per: cent)iiis 6s) COL BE aS a EY Be eae eS 1. 62 

7. 88 


Thompson (273) gives the results of the analysis of a number of 
‘“‘yenuine”’ insect, powders (Table 12). | 


Taste 12.—Analysis of “genwine”’ insect powder (Thompson). 


Eample Color. Ash. 
6 Per cent 
TD |tRawasssye kee seb ese ese elt es alle A TS Se REE ae OL Peas sae 6.5 
2'| Yellowish browmiiei secs. eee ae oe ae oa sete eerste cys loeieee eee rs ae tae iene 6.6 
31) Light yellowish\browaleeenss2 see eee mee arlene nelson eee eee =eete ee ae ee eee oe 6.9 
PM) AOS OR evel eee doce coe cen s 2b bd co pea seee ebecona se (Sonor Sess ss ease noon 5 bdGcnoS: snes 6. 59 
5 | ‘Light yellowish brown's? =)...25.22065-222¢ 122522 ete ea tae eee ome eee 6.258 


Of two samples which contained lead chromate, one was deep 
yellow, with 12.6 per cent of ash, while the other was dark yellow, 
with 26.8 per cent of ash. 

Gehe & Co. (92) give the following results of the analysis of asample — 
of insect powder from Dalmatia: Soluble in alcohol, 26.35 per cent; — 
insoluble in alcohol, 56.27 per cent; water, 8.45 per cent; ash, 8.93 — 
per cent. As they themselves state, this analysis is worthless in 
determining whether the sample is genuine or not. | 

Hill (132), 1894, stated that genuine Dalmatian insect powder 
has a greenish-yellow color, possesses a characteristic tealike odor 
and a slightly bitter, aromatic taste, and shows on analysis from 8 
to 10 per cent of moisture, and from 6.5 to 7 per cent of ash which 
is almost entirely soluble in hydrochloric acid. 

Dieterich (69) records analyses of a number of samples of insect 
powders, including a determination of the maximum size of the 
particles in microns. He sets the following limits for a good com=- 
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mercial insect powder: Maximum size, 255 microns; moisture, 5.55 
to 13.95 per cent. In the Erstes Dezennium der Helfenberger 
Annalen, 1886-95 (page 420), as the average of all determinations 
made on insect powders during that period, the following are given 
as the limiting values: Moisture (loss at 100°), 5.55 to 13.95 per 
cent; ash, 6.07 to 8.70 per cent; potassium carbonate in ash, 28 
to 38.33 per cent; maximum size of particles, 109.44 to 175.50 
microns. 


TasBLE 13.—Chemical analysis of insect powders (Dieterich). 


Determination. 
renee 
Sample No. Year. . » ! size 0 
es ay Ash: ee 3in| particles. 
100°). ash. 
Per cent. | Per cent. | Per cent. | Microns. 

ey eee ee ne ae Soe ose ea tees as te 9. 55 8.35 23. 47 179. 55 
Mo ee ES Se See ee eee 2 1896 8. 25 7. 65 31.57 255. 15 
Fee mre Seed meee 82 a MIP ee Pee 1.18 7.58 30. 96 151. 20 
‘ne cleeeBiei iets ISS EERE ae Spe te eg a aR A aPC ar My 12.12 7.38 33. 80 190. 35 
Yo Bae CoS SO eR ee en a Ree ake rer er 1897 9, 53 6. 61 38. 05 139. 05 
be cacoté toc sGRE SS BEE Pe een seta ted ean aah 11.12 7, 45 17.01 153. 90 
2 Sects 3 Gira a ICE Sa aoe ent eee fe cre 10. 60 6. 80 33. 51 141.75 
Uae A SSE SS ie RI CA Se pe RO 11. 26 S206Ue ce eee 148. 50 
2s cpt dil ata BEER ARIFIS Cache iA aE co a A 6.95 Ghats ee eee 311. 85 
3 2 LASSER SRA os BR AS ait: ee ne oie ee RO Ae ORL Nieewie #01 | Lieeeaeese CREB Bei 302. 40 
Ae Men naa Ree RN AN EAE WIAD dae ole IP eee 1900 9. 93 Ua alee ae 141, 75 
©. LEE EO ASUS SSS ME ee eR aT AS ERE oe en 9.33 CT Same See 155. 25 
De Oe meer rears eins cowie le is yainisicic noe SAAT aE nea | [resisie sae ae GE3Se | Eee eee 155. 25 
Foe 65.) SDE CA SESE 3 SRC Ee Oe Es oh a a a 7.43 G90 Mee ook 198. 45 
I. + See GHE at PERERA RSS eee gene cee CR Ree te 10. 33 GG Dis eae ees 198. 45 
oem 8 Goee Bb ROGUE OF ESE oct Ae ee ea a 1901 11. 97 PAGS Oat ey 145. 50 
2 Lo lsteherame ne abc Roe ate Ane 8 Oe iene ER a 9, 28 ORO) Lie ey ans Vea RE 2 
te Be legac Dg CHE CEE CaP aCe ets et ia hi a RM RR fe BoudEEE QE GSA | 2 SRA ce AEE 
1s noe HOS SA OAR EECOCH ES CAFIIA CCE SETI rest sean as 7. 97 AOL Rete ae — 202. 50 
be oe Ra atiae atin’ One PRET EER OEE SESE Ae eee a 1902 8. 83 6539); |e ee 135. 00 
Se ae ft sD kbs dase cabege 10. 52 Galerie Fee 67. 50 
Re ee ee cee eee okt. goes 10. 04 SADE Noe eA he 190. 35 
ei a Lege SoU Re HEHE OU RES 2 aE SEE Re Aenea see | 1903 8.57 GaTD Me ee oni 162. 00 
2 a obecavege Shas SB oUSn cee tes BP coats ares Pe eee 9. 05 POOPIE Rs Soe 135. 00 
Lin SAE BHOS BODE RE OIRO EN BEE A SE a ait Rel eee Saeed 1904 8. 81 (GER) aa aoe 162. 00 


In the Helfenberger Annalen for 1902 (page 186), Dieterich reports 
the results of the determination of the ether extract of insect powders, 
using the method of Fromme (85), in which 8 grams of powder are 
treated with 80 grams of ether of specific gravity 0.720 at 15° C., 
shaken at intervals during 1 hour, then 50 grams (—5 grams powder) 
shaken with 1 gram of water, filtered, the filter thoroughly washed 
with ether, and the filtrate evaporated and weighed. The extract 
of insect powders made in this way varied from 5.16 to 5.38 per cent. 

Durrant (73) is the author of the ether extraction method that 
has been most generally applied in the valuation of insect powder. 
He proceeds as follows: 


Place 100 grains of the powder in the cylinder of a glass syringe (1 ounce). The 
powder should be pressed down compactly on to a piece of absorbent cotton to act 
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asa filter. Moisten with ether (0.735 sp. gr.); close the top of the syringe and macerate 
for 30 minutes; percolation may then proceed, the powder being repercolated with 
the same fluid four times, and finally washed through with sufficient ether to make 
up 1 fluid ounce. The resulting percolate should be of a rich yellow color; if a pro- 
nounced green color be the result the sample may be discarded at once. 

This percolate should be evaporated at 200° F., and should weigh not less than 
3.75 grains (=3.75 per cent), and should have the characteristic odor of the flowers 
* * *. Insect powder ground from selected closed flowers is sensibly free from 
chlorophyll, whereas traces of it (less than 0.5 per cent) will be found in powders 
prepared from mixed and half-open flowers, and in the foreign ground insect powders 
it often amounts to from 50 to 80 per cent of the total ether extract. 

Durrant suggests the determination of the amount of chlorophyll 
when it is present in large amount, by converting it to glucose and 
determining that in the regular way. He concludes: ‘‘The value of 
insect powder is in direct proportion to the combined amount of 
essential oil and soft acid resin and in inverse proportion to the 
amount of chlorophyll—both statements to be read-together.”’ 

Francis (84) determined the ether extract of a powder made from 
‘“‘oround flowers only,’’ one from ‘‘ground stems only,” and of a 
‘‘mixture of these two in equal proportion,” to be as follows: Ether 
extract of flowers, 6.07 per cent; ether extract of mixture, 3.82 per 
cent; ether extract of stems, 2. 25 per cent. He states, “The ether 
extracts in each instance had a decided green color, indicating the 
presence of chlorophyll.” 

Dowzard (71) estimates ether-soluble matter as follows: ‘‘Two 
grams of the sample are mixed with 50 cc. of ether in a stoppered 
cylinder, the mixture being shaken at intervals during 2 hours; 25 
cc. (=1 gram powder) of the clear ethereal solution is evaporated 
in a tared beaker and the residue weighed.” He also makes use of 
physiological tests: ‘Two grams of the sample is transferred to a 
beaker, a cockroach is then introduced and the number of minutes 
which elapse before the insect becomes stupefied are noted.” He 
gives the results of the examination of 12 samples shown in Table 14. 


TaBLE 14.—Ezamination of insect powder (Dowzard). 


: Eeried of ae Renied of ae peau’ of =a 
physio- er physio- ther yslo ther 
Sample No. | ‘ogical | extract. || S8™Ple No. | ‘ogical | extract. || S2mple No. ‘I oy extract. 
test. test. 
Minutes. | Per cent. Minutes.| Per cent. Minutes.| Per cent. 
1 LS ee 4 BAGH OD Soren 2 sts slata 5 GLA Woes OES oee oe 7 (1) 
Oot ae eked 5 MELON Guise cceoes 5 fl Oa | Pel OR resis 8 3.2 
REE AAS net 5 TONY fees ater aes 5 AAA BL oe ee 12 4,2 
Boe1 3. Fd: 5 OA GaH Sacre sarees 5 O80 Zee See 12 3.0 


Dowzard adds: ‘“‘I think the figures prove that the value of insect 
powder as an insecticide is in proportion to the amount of ether- 
Of course, it is impossible to obtain exact 


soluble matter present. 
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results with the physiological test because of the difference in size, 
health, etc., of the insects. In good samples of insect powder the 
ether extract varies between 5 and 9 per cent.” 

Dietze (70), of the firm of J. D. Riedel, Berlin, records numerous 
tests on insect powders (Table 15). He used powder ground by 
himself from closed flowers, and also commercial powders. Dietze 
prefers petroleum ether to ordinary ether as a solvent, as the former 
takes out the ‘‘ active principle only,”’ whereas ordinary ether extracts 
a number of other substances at the same time. In most cases the 
ether extract is more or less green, and has a less powerful odor than 
the petroleum-ether extract. Table 16 shows the results obtained 
upon various adulterants of insect powder. 


TABLE 15.—Chemical analysis of insect powder (Dietze). 


Determination. 


On water-free basis. 


Soluble in— 


No. 
SepplaNo Moisture 


loss at Ash. 
oor), Ether. Equal 
Ordinary} Purest mixture 
etro- etro- | Chloro- | of chloro- 
Specific | Specific eum eum form. | form and 
gravity, | gravity,| ether. ether. ether 
0.735. 0.720. (0.720). 
=————= |_|] 
Powders prepared 
from closed flowers: | Per cent. | Per cent.| Per cent.| Percent. |Per cent. |Per cent. |Per cent. |Per cent. 
Se aes kia 7.43 - 68 -38 Ae Id aA SS eS eae 2285 8 7.02 6.8 
3. 42 8. 26 oH Et ER GeOCaRSaS BeEsEMrers lh amricrioosic laocosoccod useisctore 
5.51 8. 28 (Oral IPR Annee pearance aaeccancac ecbecene 4 Cae ceeerre 
8.10 7.37 SHEA Fae ete se oot ee een |e merece mea eters ee oats sinie Gees 
6.16 8.34 8. 23 Tet Woon ore see BAGS einen sles sees 
7.41 6. 70 6. 44 4.35 2.50 2: Glileescaes one e seeee see 
6.95 7.70 6. 46 5. 24 3.15 BIOs ae eee ieee ere 
4.55 7.77 6.78 5.01 2.93 aL ea oeo ad Meee ae che 
8.90 6. 65 6. 78 batch) BeeRBauece SI OON Saree eee ese ecres 
7, 23 6. 75 6. 71 SON | Sasa Sees 2. 83 5. 26 
9. 85 7.08 7.41 4. 88 2.76 2 Oli Peace cea s|isjoceca snes 
8.48 7.67 6.59 4.49 2.60 QEAG eR ko alee ee 
8.06 7.49 6.12 5.92 3.03 DOSY (i Sener ae || eee eS 
3.42 6. 65 6.12 4.35 2.50 2.52 5. 26 
9.85 8.34 9.38 7.74 3.15 3. 68 7. 02 
7.08 7.52 7.30 5.61 2.99 2. 86 6.14 
8.33 6. 85 4.34 Pah oo ley ce Be 15831! be HSA Reet leegeapeees 
7.76 6. 58 4.66 Bb JIGS) 2 aA Becca SCE eeel [An Rese eis cl eo etal ee 
9.15 9.08 7. 28 Solzileemcesceas De GE ee ce nee ce Soe 
7.03 8.37 5.19 4.97 220) 4 Rae ees & 
7.63 8.14 6.09 C1 |e el A ee PLN Wg Rhee Ie leatherette 
7.88 6. 83 6. 87 4.04 2.91 
11.79 6. 63 6. 03 4.29 2.38 
8. 68 7.36 8. 68 5.17 3.29 
9. 20 6.94 8.51 6.17 2.81 
6. 70 8.10 6. 18 3.52 . 
8. 62 7.45 4.41 2.41 
4.55 10. 89 3. 72 3.43 


Go} 
gr pe 99 
Ooo 
oan 
FRISIN 
ee 
ane 
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TaBLE 16.—Chemical analysis of insect powder adulterants (Dietze). 


Determination. 
Soluble in— 
A 5 
dplegnt Moisture Ether. 
(loss at Ash, | —C—C—CSC—CS/Orrdiinary} Purest 
100°). etro- pea 
Specific | Specific eum eum 
gravity, | gravity, ether. ether. 
0.735. 0,720. ; 


Johannesblumen von Chrys. Leucanthe- | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
3. 76 3.17 2.46 2.25 


WTA se Tee 2 eee Une 2 7.59 8. 22 
Flor. chamom. vgl.............-..------- s 10. 39 12. 72 7.51 4.96 4.69 4.14 
Flor.chamom, Roman................---- 6.78 8. 65 10. 06 5.34 4.09 4.05 
Flor. chamom. Calendul#................ 11.85 9.19 8. 20 7.59 4.25 4.32 
Digenumiquassices: 2-222 22 asso ese 0.99 2. 66 0. 23 0.21 0.18 0.10 
IRONS en Ge is recaps ee Be ee 10.13 11.06 5.91 3. 69 3.36 3.39 


Dietze declares that the value of an insect powder can not be 
determined by any of these extraction methods, whether made 
with ether, petroleum ether, or chloroform, and the determination of 
ash and moisture, but that a practical test upon insects is necessary. 

Fromme (85), in 1900, published results for ether extract deter- 
minations of from 6 to 7 per cent on half-opened buds and from 7 
to 9.5 per cent on unexpanded buds. The ether extract of pure 
flowers is of a golden-yellow color, while that of the stalks is of a 
ereenish tint, thus making it easy to detect such adulteration. 

Haywood (121) gives the results of the chemical examination of a 
number of commercial insect powders shown in Table 17. 


TaBLE 17.—Chemical analysis of commercial insect powders (Haywood). 


Determination. 
Product 
° a : Chro- 
Mois- Ether Lead | _. Barium 
ture. Ash. | extract. | inash. | MUM’) jn ash, [Purmeric. 
in ash 
Per cent. | Per cent. | Per cent. 
Black fag insect powder..-.. es 7.21 8. 01 8.91 | None....| None....| None....| None. 
Buhach. ecssece perce saneeee 6. 96 9. 69 9.09 |...do....|...do....|...do....} Do. 
Peis insect powder.......---. 5. 82 12.02 5.15 | Present .| Present .|...do....| Do. 
Pyrethrum insect powder... 7.39 7.80 8.38 | None....| None..--|.- - do....| Do. 
Death dust for insects. ......... 6.75 7.74 10.68 |...d0....)... do.---|.--do....| Do. 
Pyrethrum powder.........-... 7.49 11.91 6.68 |...do...-.|.-.do----|.--do....) Do. 
Dalmatian insect powder. -...-.- 6. 24 8.35 6.43 |...do....].-. do. ..-|---do....| Do. 
Tiger insect powder.....-.-..--- 7.68 6.47 6. 22 |...do -do. ._.|-- -do.. Do 
Magic insect powder............ 6. 47 5. 90 6.35 |...do....]---d0--__|...do....| Do. 
Insect powder......---...-.---- 6. 87 8.03 6.78 |...do....].--d0.-..-|.--do....} Do. 


Later, Haywood (122) gives the results of the examination of 
commercial insect powders for the presence of chromates. Chro- 
mium was determined quantitatively in the ash by titration with 
permanganate, and the values calculated to lead chromate. Of 105 
samples examined, 19, or 18 per cent, were colored with lead chro- 
mate, the amount of which varied from 0.12 to 1.47 per cent. 
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Grieb (107) gives the ether-soluble matter of a number of insect 
powders. Nine samples obtained at different times from the same 
source gave ether-soluble matter from 7.3 to 12.4 per cent, while 5 
samples from another source gave 7.0 to 12.0 per cent. Grieb makes 
a preliminary test with 1 gram of powder, shaking it with 10 cc. of 
ether in a test tube, and if, after settling, the ether is of a marked 
green color (‘‘indicating the presence of ground stalks”), the assay 
is not proceeded with and the sample is rejected. 

Jean (147), in his analysis of a number of samples of Pyrethrum 
powder, determined moisture, ash, ‘‘acidity,’’ alcohol-ether extract, 
resinous substances, substances soluble in water, and the iodin 
absorbed by the water solution after rendering it alkaline by bicar- 
bonate of soda (Table 18). In order to compare these results, Jean 
prepared a powder from genuine Pyrethrum flowers, called the “type’’ 
sample. 


TABLE 18.—Chemucal analysis of Pyrethrum powder (Jean).} 


Determination on dry basis. 


Sample: Meet! Alcohol- | Resinous 
Ash. ether sub- 
186 S0u. extract. | stances. ater 


Soe 
Todin ab- 
Ronheds Moisture. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
8. 90 1.00 24.03 9. 30 14.73 


: ‘ 3. 
iXo8 be UTS iy Re ae pS Gera 7.47 99 24. 94 8.01 16. 93 7.65 11.5 
To oc SUR Sto eee ae 10. 04 1.09 30. 47 13. 76 16. 70 5. 22 9.9 
( Feidia 5 455 2 Ue ae a 8.70 - 64 21.91 9. 41 12. 50 3.15 8.0 
[Deas Se ae ein ere ae 9. 02 1.03 24. 40 11.14 12. 26 5.8 12.5 
1 Jean does not give his methods of analysis. 2 Contained potassium chromate and sawdust. 


Sato (236) states that mature flowers of the Chrysanthemum 
cinerarrvefoluum should be used in preparing insect powder. The 
most desirable moisture content is 7 to 8 per cent; the ash is 6 to 7 
per cent, and always shows the reaction for manganese. The greater 
the content of ether-soluble matter, the greater the value of the 
powder. If the ether extract is green, leaves and stalks have been 
mixed with the flowers. The amount of ether extract should not be 
less than 6 per cent, and the ratio of ether extract to ash should be 
greater than 1. H. W. and S. C. Gadd (90) give methods for 
detectmg turmeric and chrome alum in insect powder. For the 
determination of ether-soluble material they use Durrant’s method. 
According to them the ash of a genuine powder should be of a light 
gray color and should not amount to over one-sixteenth of the 
original. 

Vogt (286) in 1906 wrote that he invariably found a rich yellow 
percolate to be characteristic of the finest insect powders. He ob- 
tained 7.72 per cent of ether extract in a sample of insect powder 
ground by himself from closed flowers, and stated that samples of 
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powders guaranteed by first-class houses to be ground from selected 
closed flowers have yielded from 7.13 to 10.25 per cent ether extract. 

Evans Sons, Lescher and Webb (76) give the results shown in Table 
19 on the ether extract determination of insect powders. 


TABLE 19.—Hther extract determination on insect powders. 


r Ether 
Year. Labeled as: extract. 
Per cent 

190635 estes cE Closed! flowers!) }iacc6% <i eee ge, UE ee ee ees 8 
1O0G hei Ee etc cee jase Open Mowers: «'-:- a.98 25603 Bee ee eee cee ee eee 5 to 6 
O06 Fs S22 ASE PRE Stalks. £780. 22i2gd1 levc. So MA ee ee Up to 5 
Gee Se ee sees ose Closed powers wide warble ots ele tee Oe. See eee ee ere eee ane eee 8.5 to 8.8 
ODT Sie; Sed eee a ae E Open Howers? 121082 2 ee a a a ae 5.8 to 6.2 
NQ0O Ss) saaicloe sisinneseeres Powder fen closed flowers... .-/;.2o2 21/5-.< 4550 -.-% ao see eee oene eee ; 6.9 
ODO xsi ie eke eS EME EY to GOS ETECES. EIR S ED SRR ee ee ee Ia 6.6 
1900 ee cece etna eer Powder from half-open flowers. ....--..--------c--eecsccccceees 5.9 
190G ees Bee Powdersirom open flowers!35 -seeececae ten tae eee eee eee 5.2 


’ One sample examined in 1909 gave only 4.3 per cent of an extract 
heavily contaminated with chlorophyll. Microscopical examination 
of the powder showed the presence of tissue derived from the stalk 
of the plant. Eight American commercial insect powders examined 
in 1910 contained from 3 to 4.8 per cent ether-soluble matter, 
the green color of the extracts indicating admixture of open flowers 
and stem tissues. A few foreign-ground powders examined in 1906 
yielded from 2 to 3 per cent ether extract. The powders reported 
in Table 19, examined in 1906 and 1907, were of their own grinding. 
Southall Brothers and Barclay in 1910 (268) reported finding from 
7.57 to 8.28 per cent ether extract in authentic samples of insect 
powder when determined according to Durrant’s method. Japanese 
flowers, mostly open, gave 13.98 per cent “resin” of an orange- 
brown color. In 1912 (269) they found 3.81 per cent of a deep- 
green extract in a specimen of insect powder said to be ground from 
stalks. Leubner (172), in 1910, found 5.59 per cent of a dirty-green 
extract in a sample of insect powder. He macerated the sample 
with an excess of ether for 3 hours, and dried the extract at 100°. 
Cesar and Loretz (43),in 1911, gave their method for the determi- 
nation of ether extract of insect powder as follows: Seven grams of 
the air-dried powder are treated in a 150 cc. flask with 70 grams ether, 
macerated 2 hours, the mixture being frequently shaken up by hand, 
then filtered through a 9 cm. filter; 50.5 grams (=5 grams powder 
air-dried) of the filtrate are then evaporated in a 9 to 10 cc. porcelain 
dish over hot water, being careful not to set the dish on the ring of 
a steam bath, as the solution in that case will creep over the edge. 
The evaporation is carried to dryness, and the residue brought to con- 
stant weight in a desiccator. The extract should have a golden- 
yellow color and a characteristic, powerful odor, which should not 
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resemble that of chamomile. This method is somewhat different 
from that given by them in 1898 (42), a slight modification of Dur- 
rant’s test in which the extraction of the sample with ether was 
continued as long as the solvent took up anything, instead of ex- 
hausting with a specified quantity of ether. This method differs 
from that published by Fromme in 1900 only in the time of macera- 
tion, being two hours instead of one. 

Cesar and Loretz (42) found that insect powder made from closed 
flowers yielded from 8 to 9.5 per cent of extract, while open or partly 
open flowers gave 6.5 to 7.5 per cent. They state that the color of 
the extractions varies from pure yellow, dark yellow, and brownish 
yellow to greenish yellow, while that prepared from stems is of a 
dirty-green color, and the residue amounts to only 5.5 per cent. 
They state furthermore that the insecticidal properties of insect 
powder are fully represented in the ether extract, and are not due 
to any alkaloidal bodies that the powder may contain. 

Linke (173) obtained the values shown, in Table 20 on six authentic 
powders. 


TABLE 20.—Chemical analysis of authentic insect powders and whole flowers (Linke). 


Determination. 
Sample No. Movers ether, 
(loss at D ake v Ash. 
100-105°). | (Purrant’s 
method). 
Powder: Per cent. Per cent. | Per cent. 
aM eae ee Ne sink cc Sones sence ben Suleie asic ee becca cece 9.08 4.28 7.04 
Peis cot CE Bee O4 AREER AE A eco e Ee Ie A See oe ae a Se OE eo 9.64 5.4 7.52 
Se ce dense eo Cas CES Ser Eo Re ee rae Pe So ee 2 Spe 7.20 15.56 64 
Sncc cent coc uct ded GH O6 SIME Bene erie SE batt tee PLS Se berat ae ie 6.66 Ep PAR theta end 
Ge sto ld [cae Geena Hoe Be OE ee nee nen eee ean eres ame mee ra 6.22 6:06) Beta cee 
a aa te a ee io ala aim Bucs oje\nini oan nis Sja,)aimys USieeaie See 5.24 5.56 6.56 
Whole fiowers: 
Te 22 SES Se CL Gee 5 eg a ee one one = Ere 5 ee ars LR Os ae 2 eee 5.88 
Zh aie IG ci cic BEAD cate einen ieee a ieee eae SE es A are ie eid NOSSO eee sees 6.44 
O56 Bc JOTONE BERET BEGSE CO ReOSEE | POSReen Es Peace ee nner ere rac 54 UE eee oso pet Aen 6.44 


16.80 per cent when shaken continuously for 2 hours. 


In the ash, the presence of iron, manganese, aluminum, calcium, 
magnesium, sodium, and potassium was shown, but in no instance 
was chromium found. After evaporating the ethereal solution the 
residue was dried at 100° C. for one hour before weighing. 

Sattler (238) reports finding lead chromate in an insect powder, 
the ash of which was 6.105 per cent. Wiebelitz (293), 1912, found 
a lower ash content in two samples of insect powder than that usually 
reported, namely, 4.7 per cent and 5.1 per cent. Siedler (150), in 
1912, obtained the results given in Table 21 on pure insect powder 
and on stem powder. 
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TABLE 21.—Chemical analysis of pure insect powder and stem powder (Siedler). 


Determination. 
Product. Moisture} Ash on air- Ether 

at 110°. | dried material. | extract. 

: Per cent. Per cent. Per cent. 
Pureinsect Powders reese see ste ait oles kaos ee eened 10.77 6.81 to 7.29 |.......... 
Powdenfrom (bestiflowerseiye 220) ee a Ces ee Ve ye Ree oe ai ge Ae ee 6.14 
Stem powdensecer seems pes yee eats arenas Al ao cou D2 en age Bbees 8.69 6.39 1.48 
Unpowdered, but finely-cut flowers.......................-.----.---|.--------- GUS6H 2 eee 


Siedler used ether with a specific gravity of 0.720, and, after com- 
pletely extracting the sample in the cold, allowed the ether to evap- 
orate spontaneously, and dried the residue for one hour upon the water 
bath. The color of the extract of the powdered flowers was dirty 
yellow, that of the stem powder green. With concentrated sul- 
phuric acid there was no characteristic color reaction with either 
resinous residue. Siedler found the petroleum-ether extract of 
pure powdered flowers to be 4.01 per cent, and that of stem powder, 
1.01 per cent. The flower extract was a pure yellow, that of the 
stems a pure green. With concentrated sulphuric acid the petro- 
leum-ether extract from the flowers gave a deep green color, the stem 
powder a brown. He attempted to obtain a basis for analysis by 
means of the optical behavior of an alcoholic extract from flower. 
and stem powders, but this extract proved to be optically inactive. 

In 1913 Siedler (257) commented as follows on the chemical exami- 
nation of insect powder: 


As the best criterion for the value of the insect powder is the determination of 
the ether extract, which was first made by Thoms. Later this method was modified 
in this way, that the powder was shaken with ether and an aliquot part of the decanted 
ether solution allowed to evaporate. This procedure has certain drawbacks. It is 
not possible to decant a definite quantity of ether solution without causing a difference 
in weight by evaporation of ether. Further, the ether solution can not be obtained 
clear except after long standing and it is very difficult to filter clearly. It always 
deposits fine dust after filtration. Finally, there is generally the feeling that the 
powder is not completely extracted through simple shaking, that a part of the ether- 
extractable material escapes determination. 


In the same article Siedler gives results for the determination of 
ash in insect powders (Table 22). All these samples were ground 
from the best flowers free from stems, and had an average moisture 
content of 4 per cent. The total ash and the ash insoluble in dilute 
hydrochloric acid were determined on 2.5 grams of substance. 


TABLE 22.—Determination of ash in insect powder (Siedler). 


Insolu- Insolu- 
Sample No. Total. ble in Sample No. Total. | ble in 
HCl. HCl. 


Per cent. | Per cent. Per cent. | Per cent. 
: 0.1 8 0. 


8.6 6 0 1 
Hesosonneetogocns psabongteddone 7.7 pC | iy Pee PAPE See Des eS 7.9 -l 
Bia ccubosounccncodoboobocenaeRe 7.0 22 | RS BEE encAD MEE Basa etc cis 7.7 «1 
(Vee NB SABRES R AAS Cosa MeCgone 7.0 2G eek oda ejecta eee 7.8 -1 
GY pe oobemoobemaneeoc cc cunnbads 7.9 1 et Une aoc eetoasmccccicc 6.8 1 
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Fromme (86) reports the ash content of insect powder as being 
between 6.5 and 9.5 per cent. In a later article (87) he criticizes 
the method of Trottner in which the number of pollen grains in 
1 milligram of powder is estimated, and the value of the 
powder thus determined, the greater the number of pollen grains 
the better the powder. Fromme determined the ash and ether 
extract, observed the color and odor of the ether extract, counted 
the number of pollen grains in 1 milligram of powder, and made 
physiological tests with flies upon 7 samples of insect powder, with 
the result that some of the most active powders were shown to con- 
tain fewer pollen grains than other powders prepared largely from 
stems. The analytical results on these 7 samples are given in Table 
23. 


TABLE 23.—EHzxamination of active insect powder (Fromme). 


Pollen 

Ash. Ether Color of ether extract. grains in 
extract. i 
Ing. 
Per cent. | Per cent. 

21 Gat fan GOLEM Vell O Wisc oo che ease ac eee seer cd sei Soe ee aaepmicoten ose 308 
7 GOROORIMGLCOHISHEY OL OW, sas cece aia meme rt omen uae bia ns Cl AN TO hy soeenee 2,415 
7.25 GetoniGoldeniyellowes 2 oe Sale eer BNC ameitn sD OP BERT ey ued 2 Or eres umue ae 2,900 
8.00 PSH ME NEOLLIG MV ON Oye i casa oreiscecttre claioiela eee Mee NS ns claret Ate i ee eae 230 
8. 84 Gee GOldemyellowier ss aeicticcis Sunes eee Raele eke gels se ay ais Pula TR Bk Ya 3,000 
8.00 Be (ONL 1h TOE iag FEEL Se Re er Se ae CMe ry Seta 710 
7.10 CEU Cy stay aE) a A Sa ay ec ee ea a mn OA cd EC a 294 


SUMMARY OF METHODS. 


From the foregoing review of physiological, microscopical, and 
chemical methods for determining the genuineness of commercial 
samples of insect powder, it is seen that while satisfactory chemical 
or microscopical methods have been developed for detecting the 
addition of adulterants such as other species of flowers, curcuma, 
and Pyrethrum stems, these methods are not capable of accurately 
determining quantitatively the extent of this adulteration, although 
the amount of stems can be approximated by comparing under the 
microscope the unknown mixture with known mixtures of powdered 
flowers and stems. Of course, the amount of an inorganic adul- 
terant, like lead chromate, may be accurately determined by chemical 
analysis, but such adulteration is now quite rare. Probably over 95 
per cent of the adulteration of insect powder at the present time is 
with ground Pyrethrum stems. 

One of the most promising microscopic methods for examining 
insect powder thus far proposed seems to be that of Trottner, in 
which the number of pollen grains in the weighed quantity of sample 
is estimated. This number, however, varies so in different powders 
of equal effectiveness as to prohibit a rigorous quantitative applica- 

tion of the method. 
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Kuraz has done more than anyone else in determining the relative 
effectiveness of insect flowers and stems by the method of testing 
against flies, but there is so much individual variation in the results 
by this method that its value is greatly lessened. 

Of the chemical methods proposed the most valuable is the deter- 
mination of the amount, and more particularly the color, of the ether 
extract. The amount of ether extract in flowers, however, varies 
markedly, as is also the case with stems, and its determination alone 
is not sufficient to enable the analyst to establish standards. 

No element or compound that can be detected with the present 
methods of analysis is present exclusively in either the stem or 
flower of the Pyrethrum plant. 


AUTHORS’ METHOD. 


As has been stated, the addition of ground stems of the Pyrethrum 
plant to the powdered flowers is at the present time the chief form of 
sophistication practiced. Since the amount of added stem can not 
be accurately determined quantitatively by the microscope, although 
it can be approximated, it occurred to the authors that a chemical 
method might be devised for measuring this form of adulteration. 
As long as the active constituent remains unknown, it is necessary 
to rely upon the determination of some essential constituent which 
occurs in the flowers in a reasonably definite amount and which is 
either absent or occurs in other parts of the plant in a widely dif- 
ferent amount. Most of the constituents occurring in the flowers 
that can be accurately and readily determined occur also in all other 
parts of the plant, though in varying quantities. Nitrogen and 
phosphorus occur in the flowers in relatively large proportions, in 
comparison with the amount present in the stems, and upon these 
two constituents the most stress is laid. As indicated by investi- 
gations previously referred to, it may be true that the active insec- 
ticidal principle is soluble in ether and certain other organic solvents. 
Nevertheless, the efficiency of the product can not be measured by 
the amount of this ether extract as now determined, since many of 
the purest samples show a much lower ether extract content than 
some of those seriously adulterated. The color of’the ether extract, 
which should be observed before evaporating off the ether, is of more 
value in determining the purity of the powder than the quantity 
of this extract. Its color should be yellow, with never more than a 
slight tinge of green. 

For the purpose of securing data as to the chemical composition 
of Pyrethrum flowers and stems, a number of genuine samples were 
secured. Most of these samples have been the C. cinerariexfolium, 
the species commonly used in the United States at the present time 
for the production of insect powder. The three grades of flowers 
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recognized by the trade, namely, ‘‘open,” “‘half-open” (‘‘half- 
closed”), and ‘‘closed,”’ were secured. Samples of the commercial 
flowers, consisting of from 1 to 2 pounds of material, were obtained, 
and the percentage amounts of stems and dirt (including all 
matter other than flowers or stems) present were first determined. 
From the commercial samples of Pyrethrum stems the burrs, straw, 
and other foreign matter were removed and classified as ‘‘dirt.” 
In each case 100 grams of the material, selected so as to accurately 
represent the whole sample, were used, and the separations were 
carefully made by hand. After separation of the extraneous ma- 
terial the flowers and stems were each ground to a powder for 
chemical analysis. (Owing to the small quantity of ‘‘dirt” and 
stems in the commercial flowers and to the small amount of dirt in 
the stems, it was found that these had little influence on the com- 
position of the stems and flowers. The removal of this extraneous 
matter was therefore discontinued.) 


MetHops or ANALYSIS. 


Moisture.—Two grams of powder were weighed into an aluminum 
dish provided with a tight-fitting cover, and dried to constant 
weight in an oven heated by boiling water, in vacuo. When cooling 
in the desiccator and when weighing, the dishes were kept covered, 
so that the powder could not absorb any moisture from the air. It 
was found necessary to heat the powder from 8 to 10 hours before 
constant weight was reached. The loss in weight was reported as 
moisture. 

Mitrogen.—This was determined in 2 grams of powder according 
to the official Gunning method.! 

Ash.—Four or five grams of the sample were weighed into a plat- 
inum dish and slowly heated in an electric muffle furnace, finally at 
a dull red heat, until all the carbon was consumed. The residue was 
reported as ash. In practically all published methods for the deter- 
mination of ash in insect powder, it is stated that the powder is 
simply ignited to constant weight. Such a method might give erro- 
neous results, due to the presence of volatile potassium salts in 
Pyrethrum, which would be lost; also, ignition in the presence of 
organic matter would reduce phosphates. By using an electric 
muffle furnace all the carbon is consumed at a dull red heat; hence, 
these losses are. practically prevented. 

Ash insoluble in. HCI (‘‘sand’’).—The residue from the ash deter- 
mination was transferred to a beaker, and digested with dilute hydro- 
chloric acid (water 100 cc., HCl, sp. gr. 1.19, 15 ec.) for 2 hours on 
the steam bath, then filtered, washed, and the residue ignited and 


‘our. A. O. A.C., Vol. 1, No. 4, Pt. II, p. 7. 
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weighed. Since the ash in different samples varies, the ash insoluble 
in hydrochloric acid was calculated back to the original sample. 
Phosphorus in the ash.—The filtrate from the last determination 
was made up to volume in a graduated flask, and phosphoric acid 
determined in an aliquot according to the official volumetric method 
(Jour. A. O. A. C., Vol. 1, No. 4, Pt. II, p. 3), allowing the solution 
tostand 30 minutes or longer at about 45°. The phosphorus, reported 
as P,O,, is calculated on the original sample. In many cases the P.O, 
was determined gravimetrically (Jour. A. O. A. C., Vol. 1, No. 4, Pt. 
Tisppetsayen i 


RESULTS oF ANALYSIS. 


TaBLe 24.—Ezxamination of “closed” flowers (Chrysanthemum cinerarixfolium).' 


Determination.2 


Sample “wp; 9 
No. Source. Stems. | ‘Dirt. Tu aera ae ener 
ae aN Ash soluble | P2Os. 
en, in HCl 
Per cent.| Per cent.| Percent.|Per cent.| Per cent.| Per cent.| Per cent. 

T2S20S Tapa oe te eee ee eee cae 1.00 0.25 4.50 1.58 6.80 0.67 0.715 
12325))| <BYUTODCse2- cries acer sna 3.85 S05 4.65 1.83 7. 84 .16 . 128 
W2B 27s (6 Ko a Re oe aes 3.85 5 4.40 1.74 7.38 -17 . 622 
123344)... .. CG Ree Bea es a a 6.25 .30 4.87 1.65 7.29 patie . 604 - 
133358|" Japanes: ois 1 a aeee ee see 1.55 15 4.62 1.72 7.09 -48 . 709 
14920) Wurope: sees ose cess os aeeeee IDO Se eeade= 5.10 1.75 6.61 .33 . 144 
14921 |....- Ole Se ei See eee 2 10Ue ee seoseee 5.70 1.92 7.12 -05 - 740 
14929 |_.... GOP ci ee a 6.44 -38 5.51 1.65 6.12 21 . 154 
$49328 Japaneses ease eee .57 ll i fal 1.64 6.19 - 26 . 129 
14934 | SR rape: 8.25 ees -sb-sso-ne5 i Alotsin Noe Ce 5.08 1.73 6. 24 -ll - 679 
14938 |... .- GO ea Sd AAS GAL | aistapeeee ate 6.15 1.74 6.54 .36 .770 
15009 |....- LO 2 ee a Da te Bells) WIGeee Gomes 5.94 1.80 7.43 -10 . 743 
151364)... - OE Ses Sa ee ad to A oeoaaaos 7.55 1.87 7.69 any. - 815 
17389 |...-. (cKO Seth oe eee eyetceseraen sas 2:20):|; Mracesslscaness eas 1.69 6.97 .08 - 624 
173943| Japan? soe 2 yo eee el Be PAC O Se | eam ee eee 1.81 6.91 .24 . 751 
73 95h PELODC esse eee pees eee 154 |e Drace: a ee aes 1.59 7.07 .13 621 
176214)... .. GOSH SE se Se Lo ee ee 4227)|) Trace. ji:: eee 1.85 7.36 .08 706 
17749 |_.... O23 Sa ees 2503) |eiracers|4: aaa 1.78 7.70 ell - 591 
WR) lesose GOse See Bee ee ae 2362|Dracesnli@ece aes 1.73 6. 86 .13 . 659 

Wheat haay oie obeys tio Sse ee HOt 11 4.40 1.580 6.12 -05 -591 

VER KG = se ae ee a see pes 6.44 ao 7.55 1.920 7. 84 .67 .815 

ENV ETAG OS eee so oars oie cas 2.72 .30 5.37 1.741 7.01 .21 . 700 

No. samples examined.........-. 19 13 13 19 19 19 19 


1 Practically all of the samples reported in this table were shipped from the port of Trieste, Austria. 
2 The flowers only were analyzed. 

3 Stated to be of Japanese origin and to have been repacked in Austria, but there is no proof of this. 
4 Imported as wild Montenegrin flowers. 


TABLE 25.—Hzamination of “closed” flowers (Chrysanthemum cinerarixfolium). 


Determination.1 


Sample No, i 
. sh in- 
pes sen;) Ash. | soluble | POs. 

in HCl. 

Imported from Europe, supposedly of Dalmatian origin: Per cent. | Per cent. | Per cent. | Per cent. 
53 1.77 7.66 0.10 
1.55 6.25 35 
2.00 7.91 .09 
1.72 6. 56 .33 
1.64 6.21 26 


1 Bests determined on the samples as received, including attached stems and the small amount of dirt 
present. 3 
2 Stated to be of Japanese origin. 
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TaBLeE 25.—Lxamination of ‘‘closed’’ flowers (Chrysanthemum cinerarixfolium)—Con. 


Determination. 1 


Sample No, AGH ine 


Nitrogen,| Ash, | soluble | P,0s. 
= in HCl. 


Imported from Europe, supposedly of Dalmatian origin—Con. | Percent. | Percent.| Percent. | Per cent. 
WAR 0 he + Se SOIC ACT OGERGOE UBE CaP ZSBNE GereMepe acre Srcn ice 1.54 6.29 
OO ee CR RODE On ECORI GBR eae Se eE a CREEP BEICE Sere ern cr or 1.54 6. 28 


aI 


SRRSERNSZSBESERSSERSSSBENST 


BOSD AESIES CEO ICO IEIEAIGO SISOS ES MISO ISS OME OS (5 
| WOWOWNERMONWOROOO NIM 


1 ole} eee mesos 

8. 28 OLS eee = ESS - 

7.33 BAL | bese 

3 6.36 -35 0.620 
5 6.27 225 758 
£ 6.03 -19 730 
1.84 6.68 «34 642 
1.74 6.63 -41 693 
1.94 6.16 .27 663 
1.84 6.61 -29 636 
1.78 6.99 -38 697 
1.96 6.75 - 28 725 
1. 66 6.95 EGF 4 [eet Searveies 
1.65 6.48 SON ct cstv eats 
1. 6.67 Boe ees ee 
i 7.41 -90 729 
1. 7.18 bi 74 Weta re 
ile 6.85 alii aepeeeece. 
ile 6.67 57-4) Perse ce 
i 6.92 268th =. eee 
ile 7.09 MUO) | aise sauce 
1. 7.01 Bi al peg tis 
I. 6.88 TAU | oes x reer 
1. 7.15 102) |C o cee cet 
1. 7.43 fil Ieee as 
1. 7.70 PQs |e ease 
1. 7.19 oti - 684 
1. 7.39 -97 - 647 
ale 6. 96 - 60 . 624 
1. 7.40 98 . 686 
ile 7.26 BOLUS ance te 
Ue 7.33 BOL anseees 
ile 6.81 505) bal be Seas aes 
ue 7.13 ol bd eeeeec nc 
Ie 8.58 2.03 662 
1 Results determined on the samples as received, including attached stems and the small amount 


of dirt present. 
2 Stated to be wild Montenegrin flowers. 
8 Stated to be of Japanese origin. 
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TaBLe 25.—Examination of ‘‘closed”’ flowers (Chrysanthemum cinerarizfolium)—Con. 


Determination. 
Sample No. Agip ate 
Nitioeen: Ash. soluble P20; 
5 in HCl. 

Japanese origin—Continued. Per cent. |Percent. | Per cent. | Per cent. 
626 eR ee Pee ee REPS Stoo a aes So 1. 84 7.72 Tice Bel ee Sa ae 
POV AT IRE SN el a i Ak ENN (a ck See ae DE. 1.91 7. 46 ASO fe Me 
DAGI 8 ER ae pe Ripe ee PI Mee foxes alia cans Seo ero 1.87 7.50 COA ccm ee sens © 
PUG D ASS | SRS 20) JME ah oS A Re eee ame Me ce De 1.82 7.63 USCCB es Ba ae 
ZAG RO eee g eee ase ee IES ak Pha ernest ae 1.81 7. 84 TRS 2278 Wels 5 
BRS UNGAR os Nicene: 2, Susc, SIMMER IN SG SRD eA ene EB Ee toe cc D8? 1.80 7.72 saan <= 
DAGSD sole aep a sree epi peamiey banter a 1.90 8. 22 DSS iE EIOE es 
AGS a eM Seif RP eit aes AP ee Sg VU ag 1.70 7.28 AOA Ae HOES 
PONG Uae Se ane | Bi ee eee, 3 PO SUSU a co eee Fe aR ee 1.93 7.26 TE Pl a ts ea 
DNS 5 SRI 2 2 SEI ee <p a ee Uae Acar ene penn Sy FEL 1.90 8.31 Devditil cco os 
INT alee se 2, arent tees 52 OF MIN Co AS BNR ead Paes Be 1.91 7.82 ISGul i ceeeee ce. 
DAG Toe ee to CS eRe ENS APM HRC SDT. ae Bite a 1.98 7.68 iho jal eee 4 GR 
PRN GS HORNS ae 5 LE AN es ae Set So Ae OLN aN i Re cae IR ACRE AH at at 1.87 7.59 LOD see eee ose 
DACA OE ERG fre: ARE aby tee pieey a (OREM ty os 10) 2 Rea 1.84 est! B08 (ae ap 
AGA QS aa at arr ate as eRe iS RE IG VEN yaya fre ER 1.91 7.12 SLs 28 8 ial 
Se Tye 9 UR Cy aR Ea 1 Eg ee Re WF, 1.77 7.22 7 ee a 
+ Minimum........ 1.61 6.03 .19 0.620 
Maximum......_. ae 2.01 8.58 2.03 . 158 
AVGrages. 2) 225 Uae ek es ee eat sao eee eee ee oer 1.813 7.18 79 . 680 

No: Samples examaned): 4-2 Maoh oo cesses ccccieeee 48 48 48 15 


TaBLe 26.—Ezamination of ‘“‘half-closed” flowers (Chrysanthemum cinerarixfolium). 


Determination.? 
Sample No.! Stems. | “ Dirt.’’ . 
F Nitro- BSE Te 
Moisture. N Ash. soluble P05. 
Bens in HCl. 
F Per cent. | Per cent.| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

QAS OE oe cctereclelneip cccteisiee oe 5/6 3.95 0. 25 4.97 1.63 7. 34. 0.12 0. 599 
1253 lee ene ins Sema eeistc cate 5.05 35 4.90 1.41 6. 88 45 580 
HAG Gea e ay EIR. oiderser ea eiclen HOO s| Seca tae 6.40 1.74 6.97 NOR Feces vere 
I OR gS epee se BOS Boe se Le ee aenee TO enes te 6.44 VSd lice ec cae elem cee see te tee we Sele 
BO QR BN obiee mie ace Meee cole sar 1.91 JAF cases cceee 1.75 7.60 SATS e teveiace «ist 
GANG ees ass caeen cee secs ONG 2s ee suelo camera 1.58 6.14 Sele SaaS 
ZB 20 Ste eae nia se egeselaeiee = Bis DDB) eS en Snare cae 1.74 6. 88 TAL ceteee ze 
APA GY (3 es See te a ee 2.22 fo) as inser eer ta 1.69 7.91 Noles cececies 
15D eee eo Soap ceed a callecmecee cna Meeaeee anal] oaeemecae 1.47 6. 65 -31 . 528 
TROOS ARAL eee se eee eee cals tenes omiooen tote oon ea orcneree ae 1.48 6. 63 SNS" aesereens 
LODO eee eos Sse eee os Me meae eerste my seele ae ene eee erete 1.40 7.57 -47 - 592 
PODS SSeS ae eee Sesame inal bretiomeitiged bateemceaoleaeeemeoer 1.47 7.95 i eee een 
711 panei cay tsa See, ScD spray Cea [XIE a ES Ms ey LA RIES ea a aye ae 1.74 7.38 S00 a) Srapbicness 16 
21920 Be eR a So a (gee eae es fe ee cree enc eet | peace eee 1.45 6.72 | SIGH ieee aaa 
DOO Mee coir cree pereiers se es ae eases mee ator lore tone a teleeoial| eee 1.50 6. 70 AOA Yess ea 
220719 se eam anise oes AE ee eo al hack Dees leceaeas cla Seles osaeay 1.51 7.40 SSO ul samaiae ence 
DOU Sat wate cece Apres ne lcslal| Sepak eee al Gee Se Oe eee eee 1.56 6. 55 MON Seas Sous 
DP DAY RARIAA, NEAT RIS a Bare Hh rs esate | Ue see ey |) See nee teeta (ERROR ae 1.52 6. 93 POG Seca otic 

Minti imeee ey nee eee 0. 62 0.14 4.90 1.40 6.14 0.12 0. 528 

Maximuincnc.: oh ocsceeresce 5.05 81 6. 44 1.75 7.95 74. . 599 

IAN CTAGO Eig a anaes ae 2. 51 .39 5. 68 1.56 7.07 ool - 562 

No. samples examined..... 8 t 4 18 17 17 4 


1 Allthe samples in this table were imported from Europe and are supposedly of Dalmatian origin, 
except No. 20726. which was stated to be of Japanese origin. 

2 Where the percentage of stems is given, the chemical analysis was made on the flowers only; on the 
other samples the analysis was made on the material as received. 
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TaBLe 27.—Examination of ‘‘open” flowers (Chrysanthemum cinerarixfolium). 


Determination.! 


Sample No. Stems. | “ Dirt.”’ . Ash in- 
Y Moisture.| Nitto; | Ash. | soluble | PO. 
gen, N. in HCl. 


Per cent.| Per cent.| Per cent. | Per cent.| Per cent.| Per cent.| Per cent. 


‘ 4.81 1.24 6.71 0.10 0. 534 

; 5.33 1.26 6. 26 - 23 «585 

3. 5.55 1.30 6.55 17 - 528 

out 5.40 1.31 6.12 -16 - 551 

H 5.65 1.40 7.09 35 557 

ali 6.13 1.31 6. 42 ol - 593 

3 7.70 1.31 5.68 -13 - 605 

} 7.41 1.26 5.61 -1l - 550 

; 6.35 1. 22 4.88 .09 - 588 

i 6. 61 1. 27 5.15 -09 . 598 

j 6. 82 1.33 7.06 65 - 618 

: 9.21 1.28 6. 10 -28 - 537 

s 7.10 1.26 6.15 28 - 586 

: 6.44 1.28 5.76 Aulr/ -615 

i, 7.65 1.24 5. 68 -10 - 588 

1. 7.85 1.25 5. 56 08 - 593 

1. 7.69 1.25 5.97 -18 - 507 

[LTS y wand tip ya ieletin aa cs eee Q3G MMLTACO  oe| satan meses 1. 26 5. 93 -26 - 541 

LOST ergs fb ie eS QIAS NES dO). se en ncaissises 1.23 5.89 24 510 

Hele eos Oe Cees ae een PVE NE AACS aol lormecceoae 1.19 6.09 -26 ~457 

1) BG 3a oe 6 2s I a aoe PAWS) Lae A aIS el Beeenosoor 1.27 6. 63 -41 - 453 

US i Gc eikine 23 EE oe TL sO Onn. oa Meenemoese 1.22 5.73 “ 524 

1 Ge OP SSSR eee | 50 Ad Oe ee Seine 1. 26 6.11 -46 -485 

LO iets 2 ea ea Se Sa D8}: Pena Arllannaqesean 1.25 6.16 oe! -486 

(Boss Sane Se eee NAYS ti seco KN Ren Sana aanee 1.25 6.97 53 - 562 

TELE ae eS 5 Se ae Sea 34S edOeeeelseeeeemeas 1. 26 6. 21 39 459 

NU cpa gas sa ccseeks ao ewer Qe Bed Osats saeiee cae 1.18 5. 28 19 -518 

LZ eee By emai ge os Be Tee aot Ose calepianeerciae 1.36 6.11 29 T5oL7 

Minimiyim: 24... 2.0: S22... .2 1.09 0. 20 4.81 1.18 4.88 08 - 453 

Ma xamumngs 300 2 oe Re 4.51 -65 9.21 1.40 7.09 65 - 618 

Average....... 2.29 - 43 6. 69 1. 268 6.03 25 - 544 
No. samples e 28 6 17 28 28 28 28 


1 Flowers only analyzed. 


TABLE 28.—Examination of ‘‘open” flowers (Chrysanthemum cinerarixfolium).1 


Determiuation. 
Sample No. Stems. . Ash in- 
5 Nitrogen,! ash. | soluble | POs. 
; in HCl. 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
1 €.10 13 LESY/ 
1.27 5. 94 -08 - 490 
1.17 6. 29 SO Bees dsecate 
1.25 6.36 pe) ae 
1. 27 5.72 ell 459 
1.37 6.47 - 50 499 
1.26 6.08 15 517 
1.31 6.89 -47 513 
1.23 6.17 46 . 451 
1.27 6.10 22 514 
1.24 5.76 ol - 462 
1.24 5. 99 BON sissiceta cee 
1.20 6.33 ol . 528 
1.25 6.04 Bey 4d BAe na 
1.26 5. 84 soo ~ 546 
1.24 5. 68 24 - 506 
1.30 6.39 -42 -595 
1.26 6.12 ~42 -455 
1. 23 6. 06 24 . 497 
1.30 6. 38 Oees -519 
1.23 5.57 -09 - 566 
1.24 5.76 234 sold 
1.29 6.13 -08 - 546 
1.30 6.10 -08 - 561 
1.30 6. 84 41 - 507 
1.21 5. 96 08 543 
1.23 5. 83 a -512 
1.32 5. 46 17 - 530 

Bee ee ae 1.22 6. 69 ays - 460 

LS Reese 1,25 6.02 13 - 530 

Le eae 1. 24 6. 74 -62 - 490 

Fee os osc 1.23 6. 49 -49 . 528 

eciceences 1.25 5. 96 19 - 483 


' The results of analysis are on the material as received. The samples are of European origin, 
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TABLE 28.—Examination of ‘‘open’’ flowers (Chrysanthemum cinerarixfolium)—Con. 


Determination. 
' Sample No. Stems. Nitrogen,| 4, oe a an 
in HCl 


Per cent.| Per cent.| Per cent.| Per cent.| Per cent. 


1. 20 5. 65 0.16 0. 469 
1.34 6.19 15 - 549 
1.27 5. 85 13 503 
1.19 5. 73 12 472 
1.31 5. 88 20 519 
1.19 5. 22 14 515 
1.25 5. 68 09 485 
1.28 5.73 13 531 
1.29 6.32 28 514 
1.27 5.76 14 - 547 
1.23 5. 64 09 - 472 
1.23 5.38 16 541 
1.29 6.12 22 - 521 
1.24 5. 83 21 - 608 
1.37 6. 02 22 . 592 
1.33 5: 96 06 . 032 
1.27 5. 68 18 - 523 
1.31 6. 28 21 - 595 
1.32 6. 93 37 . 532 
1.38 6. 53 31 . 554 
1.21 7. 53 1.38 . 561 
1.20 6. 08 25 - 511 
1.21 5.01 08 505 
1.21 5. 74 27 - 493 
1.23 5. 64 21 - 592 
1.25 5. 93 09 479 
1.31 5.91 13 - 508 
1.25 6. 40 37 - 495 
1.19 6. 24 14 501 
1.30 5. 92 14 - 601 
1.18 6.19 12 - 559 - 
1.24 7.00 30 . 539 
1.38 6. 80 37 - 568 
1.26 6. 45 26 . 612 
1.32 5. 95 -22 . 667 
1.33 5. 67 14 - 538 
1.25 5.36 13 - 576 
1,27 5. 92 BOD semen secs 
1.37 7.87 agi) lo sS5sd52c6 
1.25 6. 06 274) |loossasccoe 
1.36 7.57 33} |loasesooess 
1.39 6. 62 oil) oosaccaced 
1. 28 6. 66 ofl beenosgone 
6 1.17 5. 01 . 06 451 
JNU TAHT 0S ew RS OOD ee ee ee 3 4.99 1.39 7. 87 1.38 667 
TASV CTA Cee nee ae Sot es a ek ey pate SN SaRe tee 2. 40 1. 267 6.11 - 25 526 
No: samplesiexamined,. 20. . 52 -peese- nese eee ee 17 76 76 76 66 


TABLE 29.—Ezamination of insect flower stems (cleaned) (Chrysanthemum cinerarie- 


folium).+ 
Determination. 
Sample No. SOD rite - Ash in- 
B Moisture. Naeem Ash. | soluble | P2Os. 
in HCl. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
BES SE OREO OS LCS SOS ~. ~ CTE IC CI | REESE terete 4.77 0. 842 3.98 0.10 0. 144 


SEB P OSE ISraetnor Sec Aone. cota saeeer Trace. 5. 20 - 695 4.00 -ll - 151 
BSc naT TaaesabOnS AP Car phos o.c eB SaRes as beaconpbas 5. 10 842 5. 00 38 - 200 
{Au OS? a Seseeene se daspease 5. 22 - 856 4.69 31 247 
BoD 0 SUUE SEAS] Ved series 4.72 ots) losonocscae||>soc7o5socljoocuooe sa5 
Oo a Seeeoee 4.37 5.34 - 820 4.58 -38 - 269 
Been ee oni a 8.27 4.51 - 800 4. 86 27 . 146 
sae cdadoce sss ese Eaee ee eeee en seb eie s 1.06 5.79 - 975 4.34 15 . 183 
Bae: pia Ante ate = aay ae 38 5. 09 - 800 4.63 - 09 - 169 
Slee Sciafe sa Sas ced eee ple eeniee cree sical 4.44 5.34 - 960 5. 44 38 . 256 
A eae Cae MEe se oS Oe De dae seo Boe 5. 67 6. 39 - 800 4.29 -30 - 236 
Se eh Sheena) Sal Sm ete est flr eae - 96 5. 69 - 805 5. 12 34 - 182 
1 SOR O CIS SABRE AOS AIS.) Sele 1.35 5. 26 - 705 4.78 -18 - 203 
noaiegtdvddoadega soca s SoCo ctecTeGaGs 8. 89 7. 20 - 870 5. 19 41 - 128 
easnasonno6ovassbBen teo2eqO00aC 38 4. 51 575 3. 98 -10 - 128 
prepmanosd yatéossacesdsso2cccec 8. 89 7. 20 - 960 5. 44 59 - 269 
On a anegcdodaatconsaoossoscses05= 3.93 5. 40 - 802 4. 68 30 - 193 

Sa seveas ie ses0opeC 9 14 14 13 13 13 


1 All samples were imported from Europe. 
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TABLE 30.—Examination of insect flower stems (commercial) (Chrysanthemum cinera- 


riefolium). 
Determination. 
Sample No. . Ash ine 
N nOEen Ash. |solublein| POs. 
; HCl. 
Imported from Europe (supposedly of Dalmatian origin): Per cent. | Per cent. | Per cent. | Per cent. 

LR race tQCOSC OE Ee SBE eee Ee Eee Tee nee ane on eee ae 0.677 4. 83 0. 38 0.191 
. 725 4. 06 oral . 212 
. 674 4.61 - 29 - 185 
-877 4.78 - 50 PLL 
- 940 4. 26 - 09 - 145 
.779 4.74 -41 . 166 
- 589 4.19 - 21 . 137 
. 568 4.11 - 26 - 150 
. 772 3. 94 -13 . 190 
. 835 5. 01 -37 . 190 
. 582 6. 03 33 117 
-877 6.70 - 44 345 
. 547 3. 60 .14 . 257 
- 547 3. 60 - 09 .117 
- 940 6.70 -50 ~345 
. 726 4. 68 . 29 - 190 

13 13 13 13 
- 610 3. 40 06 - 125 
1.05 5. 62 34 - 383 
. 863 6. 22 72 . 236 
- 982 5. 93 1.69 - 338 
1.12 5. 97 - 69 . 388 
1.10 6. 24 1.41 - 411 
- 982 5. 03 1.10 326 
. 814 5. 58 1.50 .324 
. 954 5. 07 79 347 
- 948 5. 63 1,45 - 336 
- 884 4.81 90 -327 
- 828 5. 02 80 .374 
- 610 3. 40 - 06 - 125 
. 1.120 6. 24 1.69 -411 
PAV ETAP OSA eee tee PAPEL ES EEL ES See Oe USES - 928 5.38 95 326 

IN@uSaInplesie@xaMined= <2 ~~. <5. seo) 3's see eno asec 12 12 uy) 12 


TABLE 31.—WNitrogen in stems picked from ‘‘open” flowers (Chrysanthemum cinerarix- 
folium). 


Sample No. 


Sample No. pees eee, 


. Per cent. Per cent. 
Oe nee ipriOne cette tier Dk COS ASEH NP Z eee Res Ca ae AOL BE ORS eh eran wt 0.620 
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Tasie 32.—WMitrogen in stems picked from “‘closed” flowers (Chrysanthemum cinera- 


rievfolvum). 

Sample No. mM ese Sample No. Birogen, 
Per cent. Per cent. 
VEE A oe ae EO 3 rc eee A AE BED Weed a ny il Dean ss ly (72 ee ls es es eo ee as 1.52 
eT Yi ae ie eeh ar aoa a Sa ee ae one ee 1403) ERT SO ea eee ese yeni oe ne oe 1.52 
UYU Uo ERP Ie a VS 1G ee AS a ala ay in Sele ae P5259 | PE 7821 Pane ee Res ee ree rept ee ene 1.57 
pS Ya egg eos oe al EPA A es ae $5544, 18008 352559 gen oe een 1.63 

UBT Te ade ees cad Sak ek av Oe RHI TS Oe 1.54 
SF BU) One at oe Gers 5 So Sea Bee See 1.77 Minimums9. 355. ee eee 1.21 
LFS ae A eee enn A OO Sr 1.21 Maxam tint ae see ee eae 1.77 
TCA Wee Sc Sa NR es a all SD oh er 1,54 AVeTa ge a5 Se 2 oe Le tae ed ae a 1.53 


It was found that a determination of the nitrogen and of the phos- 
phorus, together with a qualitative ether-extract test (to determine 
its color), were sufficient to determine the presence and approximate 
percentage of stems. 

- In but few of the published analyses of insect powder, where ether 
extract is given as one of the determinations, is the kind of ether 
specified. In some methods the powder is simply shaken up with 
ether, filtered, and an aliquot evaporated. Dietze (70) has shown 
that the results do not agree when ether of specific gravity 0.720 
and of 0.735 is used. Ordinary ether contains some alcohol and: 
water and extracts from insect-powder material other than the active 
insecticidal constituents. For concordant results, the ether used in 
making the extractions must always be of the same grade. Anhy- 
drous, alcohol-free ether would seem to be the best solvent to use. 

Pyrethrum flowers usually yield an intensely yellow ether extract, 
whereas the stems give one of a strong green color. The odor of the 
extract from the flowers is also characteristic. In the examination of 
commercial insect powder the presence of a-material amount of 
powdered stems can always be detected by the green color of the 
ether extract. Its quantitative estimation is, however, of little value 
in determining the amount of stems present, and this determination 
was made in only a few cases, the method employed being as follows: 
The 2 grams used in the determination of moisture were transferred 
to an extraction thimble and extracted in a suitable apparatus for 
16 hours with ether that had been freshly distilled over metallic — 
sodium. After extraction, the ethereal solution was evaporated to 
dryness on the steam bath and dried to constant weight at the temper- — 
ature of boiling water. 

The petroleum-ether extract was determined in a few cases by 
thoroughly extracting 2 grams of the powder in a Soxhlet apparatus 
with commercial petroleum ether (specific gravity, 0.640; boiling — 
point, 30° to 65° C.), evaporating the extract on the steam bath, and 
drying for a few minutes in an oven at 100° C. 
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The petroleum-ether extract of flowers does not differ enough from 
that of stems to make this determination of value in arriving at the 
amount of stems present. 

Pentosans were determined in a few of the samples, and it was 
found that the amounts in the different forms of flowers differed but 
little from each other and also but little from that in the stems. 

The determination of crude fiber is of value in indicating whether 
or not the powder has been made from open or closed flowers. Pen- 
tosans and crude fiber were determined according to the methods 
of the Association of Official Agricultural Chemists (Jour. A. O. A.C., 
Vol. II, No. 1, Pt. II, pp. 52-53, 60-61). 


TaBLeE 33.—Determination of ether extract and petroleum-ether extract. 


Determination. ‘Determination. 
Sample No.1 Petro- Sample No.1 Petro- 
Ether leum- Ether leum- 
extract. ether extract. ether 
extract. extract. 
“Closed”? flowers: Per cent.) Per cent. || ‘‘Open’”’ Sg ee aca Per cent. | Per cent. 
PAG tecrana'- = Seg ee wan ean = 2 ae Ss 4.75 GU Be eae ecclesia SOOM EE ook os 
At: 074 | eae SH cYS as ere orchsia URAD estar cstenlaie | —____— 
TY Ge) UC Sil ae eee 7.18 5. 03 Minimipm):.): -coreeeeeee 5. 09 3. 50 
1k: EB Pe, Ue ae ae een conn Gysontete te Masami) 255 555 2eseoe 6.60 4.70 
AGREE re acticin «oi, = ahaa ae 5.99 3. 05 IAVORAP Cl a calm oats seein 5. 81 4.06 
LOST) OSES ee a eee eae 7.34 3.93 No, samples analyzed... 8 8 
TG See ee ee 6. 41 3. 80 
— Stems: 
Minimum ...-.......--- 5. 99 3.05 14922... 1.95 
Maximum ......-..----- 7.45 5. 03 14925... 2.08 
IAMIOTARG 5 2cec f= st. 6. 87 4.11 14928. . 1.93 
No. samples analyzed .. 6 5 re ae 1.53 
———— 14 Sree ean pe eee pale aie eat el eae LL] Er eae 
“Open”? flowers: 14946 1.75 
TLD eg! OS ee ee ee 5. 48 3. 64 14960 2.78 
TYELe a Lh OS Ps SR eee oe 5. 73 3.98 15010 1.78 
LEQ DE See RE Ae ie eee 6. 28 4.45 
NaORU betes ace task a oe [es os2e cee 4.70 Minimum . 1.53 
VE: GR iy Rh ie 6.007 |e sees ek Maximim ooo o2 ee oe cene 3. 98 2.78 
RAG Oe ere sree Se [ein eh ce 5 3.53 ANVGTALO SS ceierinecereacre 3.22 1.97 
HAGA ec he eR 2 6. 60 5.05 No. samples analyzed... 7 7 
(i O14 | i ee eee 5.35 3. 50 
TC) ene eee 5. 93 3. 60 
1 All samples were obtained from Europe. 
Taste 34.—Determination of pentosans. 
Sample No.1 pois Sample No.1 penta 
“Closed ”’ flowers: Per cent. || “ ae figtare Continued Per cent. 
DURE ee tet os eb chi eae o2e 17.75 LO see RICE See REO REE OE AMES 19. 98 
117-3 0 Gt are ee ay Boe Senet aa 16. 06 oo 
SC ee Se ee ee Ae me eer ee 16.18 Minimum: 5 sos 3525.52 2ch ees. 622k 19. 98 
1 Na yell ee Mc ee 16. 53 MERTEN Seas ates ceo ei eee 21.72 
TS Re See a 8 a et 16. 80 Average (5 samples) NEI Seer se aera 21.11 
Minimiiiawsts..heizers 5 a2e<1 16. 06 |} Stems: 
(NPR SPIIEING eee SO sce hice = = oe 2s Wiel 18. 40 
Average (5 samples)...........---- 16. 66 18.78 
“Open”? flowers: 18. 40 
TSP) dae Baie iets © ck os eee ere 21. 42 17.95 
W2B 2 astra omit. Sb Je riels tee ee sec 21. 07 = 
ADAMI s SHINS. oS Math tet oh widie clas o> 21.72 ini 17. 54 
1IP3 Pt a eS aoe nee e ae ae ie nae ie 21.34 Maximtmyyy 2324. 2422 2o).. base 18. 78 
Average (5samples)...--.-.---.--- 18. 21 


i Allsamples were obtained from Europe. 
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TABLE 35.—Determination of crude fiber, 


Sample No. 1 rude Sample No.1 mde 

“Closed”? flowers; Percent. || “Open’’ flowers—Continued. Per cent. 
12834 cee ase Boe ene ae 22. 89 2043815 0 seer ay a oe 32. 54 
1490) fsck t be 4553 4.28 a 18. 65 20439. Lie ESS ee EE J PE top ole dy 
1 L878 aaa eeu 20. 63 20440 ooo Boe Haseroe are toes 30.11 
1498252. 2os5 256822 19. 80 QO442 05 ve 205. SESE See 32.13 
TG a Ya ees aS 20. 62 PU Eee ee eee 31.99 
24938. seseesreeke 2 vate 20. 03 20446 522525. SE REED OS 28. 82 
17 (tLe Se ete LAS AE a 20. 94 Pa Re Se eee ae oe eo eae eab ee 29. 96 
LIZ94Gs. Wess SSE eEEE ESE ES 22.73 21OPS Se TESA, 2 SEERA ee 35. 85 

DOO ea cieetem ioe Serr crstetege nie ei asie 21. 96 
1762184 Pe a pe gies 28 20. 39 Minimum 2:52) 25037 Pree ee ee 27.20 
HN (ge 8 ea sees Le cee 21. 61 Maximum oa ene core nernee ae 35. 85 
BIA URN See eee eet egy a alse Une eine 19. 45 Average (28samples).......-...--- 31. 02 

WO 23 a ieee a as eet Sr fat 23. 83 

QUIGCS ORS spree penta seem ame niacies 21.97 || Dalmatianstems 

PAD Rio Sate ek epee hay eR 21. 47 149253 Sea SNe Sok da 34. 55 
AGO oar Lees eciei sa ecieiie aie kit cinisie ote 24. 70 T4928 2 oe ase vers ereeionyateieie re eres ee eres 36. 45 
DVTAQ 8 sere Ras oe eiaee ce 21.71 A Lo epee care eer Bae A oe 33. 54 
DISAQ Se eae oe eee RR cosy cee eee 24.03 V4937 cache. osha a crolesc eciuicios Bete 39. 05 
DTN |e [Sea AIRS TETAS MYC ere NS 23. 91 VAQ4G eee lin eee dinie come mialepevelerseiee nis 35. 43 
Q2G9B Se rmeeratterers EES) 2 clayetvies GaSe seis 22.47 LIB eS ecco nee eae 38. 82 
2044 Bie a Nene a cictic s Heel seiag Boe aie ate 21. 46 1622) oa ce ths Saeaseei ee ee 38. 92 
24. 10 D0 (0 So a ae eet yeaa Perea Ra iat a 38. 27 
23. 54 MTS Q0E os eset ok cee oC ce yee eae 39.71 
22. 86 M7828 e Poon ae te aad close ieee oem seas 38. 23 
23. 77 TS380 selec tal Bebe tan oe hee Baten ioe 38. 61 
23.78 S555 8) Ream NE UE Ei eo 2 vee a 39.13 
23. 03 DIST ys; «.< as yee RISO wicks sl eee 38.10 
DATGO, eee Ee i cciecw ne caontee ee ne 33. 60 
18. 65 24294 os soos heseeawee sims sees ae 42. 98 

24.70 
22. 09 Minimum .s422:2c2s2eeee esses nee 33. 54 
Maximum: > 525 <22222 eee eee erase 42. 98 

35. 12 

30. 13 

31. 55 

29.79 

27. 20 

33. 11 

27.75 

29. 48 

30. 28 

31.18 

30. 03 

29.17 

34.70 

29. 48 

32. 80 

30.13 

30. 27 

32. 23 

33. 87 

27. 63 


1 Unless otherwise indicated, all samples were obtained from Europe. 
2 Source unknown. 
3 Obtained from Japan. 


The ash content is highest in closed flowers, next highest in open 
flowers, and lowest in the stems. A higher percentage of the ash of 
stems is insoluble in hydrochloric acid than in the case of the flowers, 
although calculated back to the original material the difference is 
slight. It is only when the ash and the ash insoluble in acid are 
markedly above the normal for flowers that much importance is 
attached to these determinations. 

A striking thing in the figures for nitrogen and for phosphoric acid 
is that they run fairly constant for the same material (Chrysanthemum 
cinerarizfolium), no matter what its source. This uniformity in the 
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amount of certain ingredients present in Pyrethrum flowers and stems 
aids the analyst to determine from the analysis of an unknown com- 
mercial insect powder whether or not it is adulterated with powdered 


Pyrethrum stems. 


By the color of the ether extract and by a determination of the 
nitrogen, phosphoric acid, and crude fiber, together with a micro- 
scopical examination, the presence of powdered stems in insect pow- 
der can be shown qualitatively and an approximate determination 
of the amount of stems can be made. 

Table 36 summarizes all the results for nitrogen, phosphorus pen- 
toxid, crude fiber, ash, ash insoluble in hydrochloric acid, pentosans, 
ether extract, moisture, and extraneous material, for stems and the | 
three commercial grades of flowers, of both Dalmatian and Japanese 


origin. 


TABLE 36.—Summary of examination of insect flowers and stems. 


Z K Se : ba Ly 
o g og q o go a 
a = ica] Pa = a 
Product. Bo 3 Sq| 8 | 48 less A 
S) 8 cs) : : m=) os |Sdal 
Ses | 2 | a ige| # eb iees| 3 
A py 1S) 4 /42/)/ & | P=) 
Per Per | Per | Per | Per | Per | Per | Per | Per 
cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. | cent. 
Min..| 1.61 | 0.620 | 21.46 | 6.03 | 0.19 |.......].....-]----..|..--.- 
Japanese ‘closed’? Jyrax "| 9:91 | .758| 24.70 | 8.58] 2:03 |..-....|..... 10. 0eecboee ee 
SMIGUS poco sooncmee ASB Al DoT | CGR PBL TL 718 THO eSsc odessa se dbesaoeleeosor 
No.samples examined. . |48 15 15 48 ASME TENE Seats SNS NS | es || ee es 
: Min..| 1.53 | 0.591 | 18.65 | 6.12 | 0.05 | 16.06 | 5.99 | 3.05 | 4.40 
Dee te eset Mace: -| 2.09, ,|  .815 |) 22/89") 828)" gi))| 17! 75 |/7.45 | 5.03 17.55 
Pehoceessogsabace Ave. .| 1.759 | .700 | 20.81] 7.22] .93 | 16.66 | 6.87 | 4.11 | 5.37 
No. samples examined. .|55 19 12 55 55 5 6 5 13 
All ‘closed’? flowers (Min..| 1.53 | 0.591 | 18.65 | 6.03 | 0.05 |..-....]......|------|..---- 
(Japanese and Dal- 4Max..| 2.09 prt PES AD) |) tebe) |} LOB |e cSgo ello tssadloceoealocoase 
PMATIAM) Spo ewes ESTOS A Ms CT | ATT PRE OOM 7/5 PVM SEN ee te heats Oe ee 
No. samples examined. ./103 34 27 POS OSE sec Ses Re Ae San Mics Soe 
Min..| 1,40 | 0.528 |......-. gn NATO i AES 3 lie See lars Sees 4.90 
“Half-closed”’ flowers. .{Max..| 1.75 E599) eee CASI ent Cell Beak eo ae ol] es o.oo bd 6.44 
. (Ave. .| 1.566 | .562)......- HAO TAY ESTO ys cere eel See |i ao 5. 68 
No. samples examined. .|18 Le ONO | etch ase 17 il7¢ 4 
Min 1.17 | 0.451 } 27.20 | 4.88 | 0.06 | 19.98 | 5.09 | 3.50} 4.81 
“‘Open’’ flowers. ..._.. Max..| 1.40 -667 | 35.85 | 7.87 | 1.38 | 21.72 | 6.60 | 4.70 | 9.21 
Ave..| 1.267] .532 | 31.02] 6.09] .26] 21.11 | 5.81 | 4.06 | 6.69 
No. samples examined. .|104 94 28 104 |104 5 8 8 17 
Min.. i t 5 
Japanesestems.......- Max E L : 
Ave. : : “ ( 
No. samples examined. .|12 12 12 12 12 
Min 0.547 | 0.117 | 33.54 | 3.60 | 0.09 | 17.54 | 2.34 | 1.53 | 4.51 
Dalmatian stems. ..-.- Max -960 | .345 | 42.98 | 6.70} .59] 18.78 | 3.98 | 2.78 | 7.20 
Ave..| .783| .192 | 37.69 | 4.68 | .29] 18.21 | 3.22) 1.97 | 5.40 
No. samples examined. .| 6 26 15 26 26 5 7 7 14 
Allstems(Tapaneseand| May” “| 7°12 | “ant | 48.79 | 6.70 | 1:69 
almatian).......... Ave..| .765| .234| 40.66 | 4.90| 150 
No. samples examined. . |18 38 27 38 38 


In estimating the amount 


a | & 
5 QA 
n ¥ 
Per | Per 
cent. | cent 
0.57} 0.11 
6.44 15 
2.72 .30 
19 7 
0.62} 0.14 
5. 05 .39 
2.51 81 
8 4 
0.88} 0.10 
4.99 -90 
2.33 47 
45 9 


of stems in an unknown sample, its 
nitrogen and phosphorus pentoxid contents are compared with the 
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average values for these determinations in samples of flowers and 
stems.’ 
The formula for making the calculations is as follows: 
100 (a-c) 
a—b 
in which X =percentage of stems in sample. 
a@=average percentage of nitrogen or P,O, in flowers. 
b=average percentage of nitrogen or P,O, content of stems. 
c=nitrogen or P,O, content of sample. 
The value of a differs as to whether the mixture is made up with 
‘‘open” flowers and stems or with “closed’’ flowers and stems. 
In the case of “‘open’’ flowers and stems: 
(1) Based on nitrogen values— 


Foe 


a= 1.267 
b=0.765 
100 (1.267-c) _ 
Ag perenne 
(2) Based on P,O,— 
a=0.532 
b=0:234 L 
100 (0.532-c) __ 100 (0.532-c) | 
eS MIO amr ar Aaya a 


In mixtures of closed flowers and stems: 
(1) Based on nitrogen values— 


a=1.784 
b=0.765 
100 (1.784=c) _ 

X=1734-0.765 729 {1-784-¢) 

(2) Based on P,O,— 

a=0.691 

b= 0.234 
_ 100 (0.691-c) __ 


In connection with other observations, the crude fiber determina- — 
tion is of value in indicating whether open or closed flowers have been © 
used in the mixture. In most cases these mixtures are made up from 
“open” flowers, which are cheaper than “closed,” and stems, though 
sometimes “closed” flowers are employed. The question then arises, 
how can the analyst tell whether “open” or ‘“‘closed’’ flowers have 
been used and which values to apply in the formula. ! 


1Jn obtaining these averages the results of analyses of all cleaned and uncleaned flowers and stems, and 
also of commercial samples of flowers (with a small part of the stem left attached when harvested), were 
included. Theoretically the averages should have been based either on cleaned flowers, without attached 
stems, and on eleaned stems, or on commercial flowers as marketed (with the dirt and short stems still pres- 
ent), and on commercial stems containing the normal percentage of foreign matter. However, the amoun 
of stems and foreign matter in commercial flowers and the amount cffoereign matter in stems are so smal. 
that the error introduced in this way is negligible. 
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This may be determined in the following ways: 

1. Examination by a microscopist will show whether “open” 
or “closed” flowers have been used. The presence of a large amount 
of pollen and the absence of fruit tissues indicate “closed’’ flowers; 
and, conversely, the absence of much pollen and the presence of a 
large amount of fruit tissues indicate “open” flowers. These tissues 
are very characteristic and can not be mistaken (Pl. IV). 

2. Mixtures of flowers and stems are made up on the basis of 
lowest cost. By following the market prices on “‘closed”’ and “‘open”’ 
flowers and stems, the analyst can usually tell which has been used 
in preparing a mixture of flowers and stems. 

3. From the intensity of the green color of the ether extract, 
after a little experience, the amount of stems present can be told 
roughly. 

4. The crude fiber determination, taken in connection with the 
intensity of the green color of the ether extract, general appearance 
of the powder, and odor, serves as a good indicator as to whether 
or not the mixture is composed of ‘‘open’”’ flowers and stems or 
““closed’”’ flowers and stems. 

By a combination of all of these tests, but more particularly by 
microscopical examination, it is possible to tell whether ‘“closed’’ or 
“‘open’’ flowers have been used in a mixture, and, by the use of the 
formula, to determine the approximate percentage amount of flowers 
and stems present. 

In Table 37 are given the nitrogen and phosphorus pentoxid con- 
tents of 10 known mixtures of open flowers with stems, and the 
amount of stems calculated from each of these values, using the 
formulas just given. 


TasxeE 37.— Nitrogen and phosphorus pentoxid content of known mixtures of open flowers 
and stems and amount of stems present. 


Stems calculated 
from— 


Sample No. Stems. Meee, P20s. 
Ne P.Os. 


Percent. | Per cent.| Per cent. | Per cent.| Per cent. | Per cent.| Per cent. 
8 0.5 3 2 


0 1.2 30 1 2 + 2 
0 1. 235 - 523 6 3 5 +5 
0 1. 250 - 510 3 7 5 +5 
10 1.185 459 16 24 20 +10 
10 1.170 482 19 17 18 + 8 
20 1.14 411 25 40 33 +13 
20 1.170 447 19 28 24 +4 
60 1.035 - 275 46 86 66 +6 
60 919 - 300 70 77 74 +14 
80 947 206 64 100 82 + 2 


INBENETAMYVET FON = 96 eee f.| steel | eRe whee Sheba Lame t |. ssceeeens 2 
WeRINITIROTT OL see otek es bn SS |) ANS ie Bd SR Se endl 14 
VOTE PECTION. 2 kates cee katate | AAR A PS eR A odio nig 6.9 
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Tables 38 and 39 give the results of the analysis of commercial 
insect powders. Those reported in Table 38 are on the samples 
unadulterated with stems, foreign plant material, or coloring matter, 
while those in Table 39 are on samples adulterated with ground 
Pyrethrum stems, sand, chromates, or other materials. 


TaBLE 38.—Analysis of commercial insect powders unadulterated with Pyrethrum stems , 
foreign plant material, or coloring matter. 


Sam- Ash in- || Sam- = Ash in- 
ple Made in— Nitto; | Ash. | soluble || ple Made in— Nitro | Ash. | soluble 
No. eon in HCl. |} No. een in HCl. 

Per ct. | Per ct. | Per ct. A Per ct. | Per ct. | Per ct. 
11157 | United States....| 1.64] 8.92] 0.84 |] 20225] United States....| 1.08] 7.76] 2.42 

11292 |..... dol eee 1.29] 6.73 .22, || 20226 |..... dots aes 1.13] 6.03 -33 

12033 |....- does en 1.55] 8.07 98 || 20250 |..... dotee Bt: 1.15] 6.15 27 

12034 |... deren rene 1.56] 9.01] 1.33 || 20373 |..... dove 1.26] 7.48] 1.15 

12212 | England.......... 1.52| 7.67 BAB) ||| 204562| elec a ean 1.30} 5.47 .69 

12217 | United States....| 1.56] 7.67 .95 || 20462 |..... dos eas 1.20| 6.79 .80 

12273 |..... Golf eae 1.65 |° 9.93 |........ 20472 |... dor. tak 8 1.26] 7.11 . 62 

12613 | England.......... 1.63 | 7.54 17 || 20658 |... dois aan 1.18] 6.80 .70 

19654 | United States....| 1.26] 7.22 .66 || 20771 |....- dot tie 1.21] 6.98 .70 

12657 |....- do.-.........| 1.35] 8.57) 2.221 || 21043 |.._-. ow aa eee 1.60] 7.29] 1.51 

12660 |... .- doe..28h ee 1.25| 6.49 24 || 21148 |... dol ie, 1.22] 6.73 56 

12920 |....- (ite) aera 1.54| 7.09 33 || 21371 | Japan...........- 1.78 | 7.09 .65 

13202 |....- dole EEN 1.75 | 7.08 .75 || 21941 | United States....| 1.73] 8.06] 1.02 

13603 |....- Pies st 1.40| 7.70 .99 |] 21969 |..... dors eee ae 1.31] 6.54 .28 

13649 |....- do! = hae 1.53 | 7.25 .89 || 22180 | Japan. ........... 1.66| 7.49] 1.71 

13695 | Austria....-.....- 1.26] 6.29 .33 |{ 22637 | United States....| 1.28] 6.69 53 

137682 United States.....| 1.60] 7.37| 1.47 || 22641 |..... Ree er Satey 1.45] 8.08 97 

13860 |....- d 1.61] 7.58 .95 || 22701 |....- Gea RIC ES. 1.73| 8.10] 1.19" 

13921 |....- do... 1.54] 7.15 74 || 22756 | “Imported”’...... 1.33] .10.00| 2.471 

13923 |... _- douse 1.57] 6.93 .68 || 22764 | United States....| 1.69] 7.35 84 

‘i 13985 |... do. 1.23 | 6.05 27 10.09 | 1.49 

14197 |..... do. 1.14] 6.11 .39 8.71] 1.24 

14370 |..... do. 1.35| 6.90 64 9.07 51 

143810 |e do. 1.72| 7.03 .13 6.81 51 

14445 |... do 1.26| 5.77 26 8.90 59 

14523 |... .. do 1.24] 8.14 .97 8.04] 1.24 

14730 |....- do 1.66 | 7.57 75 8.47 34 

149922] __..do 1.62] 7.12] 1.00 7.09 .67 

15153 | Austria 1.76 | 7.83 .36 7.03 .78 

15224 | Italy 1.49] 7.00 31 7.36 .76 

15272 | United States. 1.41} 8.48] 1.69 7.26 64 

15366 |....- do..... 1.21] 7.09 .96 7.05 .70 

15730 | Austria 1.29] 6.23 .39 7.10 77 

15850 | United States....| 1.54] 7.02 33 6.89| 1.02 

16018 | Japan. ........... 1.66] 7.19 .67 6.53 .58 

16019 |..... dO ee 1.72] 6.91 49 8.19] 1.11 

16499 | England.........- 1.54] 8.34] 2.001 9.67 | 4.32! 

16546 | United States....| 1.48/ 8.09] 1.01 7.47 91 

16611 |..... doe: eee 1.30| 7.75] 1.64 6.85 .90 

16796 | Japan. .........-- 1.71 | 6.69 44 7.06 70 

17459 |..... dos. ees 1.66| 6.39 46 6.56 45 

17619 | United States....| 1.82] 8.64 15 719 77 

17624}... dow: seen 1.64! 7.74 . 93 7.61| 1.21 

17671 | Germany ........ 1. 64 7.43 -09 7.40 1.00 

17672 |....- doe aes 1.53 | 7.49 .09 7.47 .94 

18022 | England.......... 1.82] 8.23] 1.26 7.47 92 

18149 | United States....- 1. 23 7.00 12 7.53 1.03 

18151 |..... Omen see 1.80] 8.72 .29 : 6.84 82 

18156 |....- Gone oie, 1.46] 8.20 83 || 24189 | Japan...........- 1.80] 6.90 .55 

18159 |_.... dO-n eee 1.95] 8.36 36 || 24976 | United States. 1.81] 7.75 | 1.07 

18383 |..... Ci Lo aged Bs 8 1.27] 7.78] 1.09 || 24977 |..... do. be sareas 1.73 | 7.48 | 1.04 

186921 a ane done teenie 1.48] 6.91 56 || 24978 |....- dost aihi le ee 1.85] 8.23] 1.45 

18719 |... "i (eee sae 1.52] 7.04 31 || 24979 |..... dosent nan 1.77| 7.71] 1.09 

19187) | apanie ss. sane 1.72] 7.38 91 || 24280 |..... dol aki ee ame 1.68 | 7.50 .99 

19273 | England.........- 1.61! 7.33 95 || 24281 |..... dos: ieee 1.73) 7.72| 1.31° 

19283 | Australia........- 1.28] 6.54 18 || 24982 |....- dol denen 1.79] 8.58] 1.82 

19320 | United States....| 1.24] 6.74 .66 || 24283 |....- deans 1.70) 7.42] 1.06 

19643 |..... ra COP 1.20] 7.73 | 2.421 || 24984 |.__.. (SUS ep ice 1.79 | 7.37 . 86 

19660 |..... do ieee: 1.34] 6.70 34 || 24985 |... doe aera 1.76] 6.97 .64 

19661 |..... Gorse Maem 1.56 | 7.46 43 || 24986 |... _. Godt 5: Saas 1.87| 8.15] 1.33 

19671 |..... 7 Lees ne 1.56 | 7.42 81 || 24987 |... dos Lh aaa 1.80] 98.19 .64 

19825 |..... does eee 1.15] 7.25] 1.59 |] 24301 |..... dos wee 1.80| 7.23 .68 

19833 |..... donee 1.28] 6.99 78 || 24303 |... doar tee 1.74] 8.76] 1.90 

20097 |..... CORT Aare: 1.44] 7.67] 1.22 || 24307 |....- Gola 1.35| 7.98 61 

20224 |..... (ene are 1.24] 6.49 51 |] 24314 |... dow cee 1.67! 7.69 51 


1Contains sand. 2C, cinerarizfolium grown in California. 
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TasuE 38.—Analysis of commercial insect powders unadulterated with Pyrethrum stems, 
foreign plant material, or coloring matter—Continued. 


| 
Sam- Nitro- Ash in- || Sam- Nitro- Ash in- 
le Made in— Ash. | soluble ple Made in— Ash. | soluble 
No. gen, N. in HCl. || No. gen, N. in HCl. 
United States....| Per ct. | Perct.| Per ct. Per ct. | Per ct. | Per ct. 
} (ott! 0.53 24351 | United States.... 1.62 7.46 0.70 
7.70 -5o1 24352 |..... Gove ose 1.63 7.41 87 
7.58 - 62 24353 |..... do. " Ue 8.01 1.04 
7.57 . 64 24354 |..... doses... ea 1.56 aoe 91 
7.42 «62 24355 |....- Oe. se sadacte 1.70 7.71 43 
7.66 - 54 24356 |..... Goes. jee 1.65 7.84 13 
7.46 64 24426 |..... oh Ree se a 1.51 7.46 1.49 
792 |) Lab esag7 so. Goud, 23588: 1.73 | 6.87 69 
7.88 1.52 || 24643 |..... Osa cee? 1.76 7.44 1.04 
7.38 - 98 24644 |..... Goze 4 wee 1.76 7.57 1.15 
8.06 1.67 24645 |..... Gone Seieeek 1.79 7.81 1.29 
8.04 1.55 24646 |..... Gosek tee 1.77 7.43 1.05 
7.81 1.46 24647 |..... Gore ..3t et 1.77 7. 64 1.27 
7.83 1.60 i| 24648 |... .. donsesteeeee 1.73 7. 56 1.14 
7.65 1.53 24649 |..... GOenG. sak eee 1.77 1.00 1.13 
8.02 1.78 24650 |...-.. dos tee 1.77 7.42 its 1 
7.93 1.87 || 24651 |..... dovatcaa sees 1.80 7.93 1.46 
9. 26 3.61! || 24652 |....- does se 1.80 7.59 1.10 
7.17 1.05 24653 |---.- Gots Sek 1.52 6. 59 -81 
7.62 1.37 || 24708 |} Europe........... 1.34 7.77 v2 
7.89 1.41 247362] United States. - .. 1.59 7.35 1.08 
7.57 1.77 || 24779 | Europe........... 1.20 7.07 1.27 
7.68 1.74 24798 | United States. . .. 1.56 7.80 yy) 
6. 67 91 ASO Dalene ee sees 1.59 8. 63 2. 991 
7. 84 1:29 248202) 2. 2-d0..0--22..2... 1. 66 6. 86 . 66 
7.87 1.90 25062 | United States. 1.68 7.54 1.18 
7.34 1.73 25069 |....- Goren sas se 1.26 6.75 - 20 
7.91 2.15 250 7ONleaeee EOteess soe 22 1. 68 8.01 ~29 
7.78 1.53 261882 | eee GdObe cee. came 1.32 5.53 44 
7. 62 1.96 330852) ....do0------ pees 1.56 6.46 - 68 
7.89 . 58 = 
7.59 46 Minimum......-.-. 1.08 5.47 09 
7.03 40 Maximum.. ...... 2.01 | 10.09 4.32 
7.24 +35 Average.....--..-- 1. 558 Ue? -96 
7.32 -33 No. samplesexam-| 195 196 195 
7.41 -99 ined. 
1 ! 
1 Contains sand. 2 C. cinerarizfoliwm grown in California. 
TaBLE 39.—Analysis of adulterated commercial insect powders. 
Seis b Ashin- 
ple Made in— an Ash. soluble Color of ether extract. Adulterants. 
No. ; HCl. 
Perch. | ence. | en ct: 
11301 | United States.-| 0.895] 10.26 3.32 | Strong green........-- Stems and sand. 
MUESIO o.oo: GIS. 5 aauecee 1.155 7. 72 28 eee dove ter Tae: Stems. 
11831 }....- Glos Sar See 884 6. 28 GO) eter GOvR i Garde Se: Do. 
T2081 |-.--- CIOS Siaeeeee 891 6. 76 15.83) | eee dose Foes 2 seeeeee es Stems and sand. 
2073; |\-..-- 2 8 Byes eee 1. 080 7.17 1.88 |= -- - COR et SR, Do. 
#2303 |'.- =. - GO ose. 1 060 9. 86 3.56 | Dirty pale yellow -..-- Do. 
12466 |..--- Chiyseeae sees 1.122} 12.70 ESO) WECM. secon ceadaune Do. Y 
12658}. ---- dost a3: 22: 1.135 Leite 1.90 (6 Ko) es Peas ae eee Do 
13238 |. ---- dosens-2t4- 1.120 7. 06 HY |loocod dowstco ieee Stems 
29286 |----- CO has aes 910 5. 43 Ope lereciae On. cee ecescee as2 0. 
mLd287, |). cu Gok s-eys 2 1.090 7.81 PAG (Base MO wk ee Rea Do 
SSL |: .-. (CIOS eyaneaabars 1.120 6. 24 08] QTOGRNIS Hse sett cys = a Do. 
13823:| Ttaly..\:22- 5.2. .: 1.370 Sidlcle. < Ge Shear greenish ycl- | Lead chromate (2.82 per cent). 
5 ow. 
13824 | Austria. ...-.-- . 990 (6014 aasenee 6 Strong green _..--....- Stems and 2.27 per cent lead 
é chromate. 
13857 | United States..} 1.180 7.60 -86 | Greenish yellow. -.---- Stems and unidentified bark. 
M3925 |. -'-- doeterse-c- 1.140 9.78 PAO | oe ng Coc ane Pepe eee Stems and sand. 
14039 }..--. Gor: eeee 22 . 950 6.37 .69 | Strong green. ......._- Stems. 
14105 }.---- EO soass-ace 1.145 9.60 2.26) | ease GON Saene eee a Stems and sand. 
14362 |----. dowreeeste . 947 6.77 5a een ee GOugry- Ache tes). Stems. 
ic Gh) ee Che Ses eee - 919 6.31 BRGY Sasa" GO es eae. £ Do. 
14854 |... .: donee wy ss: 1.120 6.12 .55 | Greenish yellow. ----.-- Do. 
15393 | Austria. ....---. 1. 210 7.30 a HOM MELOCM aac cece 2 Stems and 1.48 per cent lead 
chromate. 
16920 |..-.- CORSE Bee SSA} 25640) | eeece cee ees CG one Se Se ae Stems, calcium carbonate, and 


2.07 per cent barium chro- 
mate. 
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TaBLE 39.—Analysis of adulterated commercial insect powders—Continued. 


Seyie : : Ash in- 
ple Made in— Awa Ash. soluble Color of ether extract. Adulterants. 
,N. 
Na. HCl. 
Per ct. | Per ct. | Per ct. 
17384 | United States..| 0.954 7.14 O: 85: |\xGreen 4). 2: --2-e 28-2 All stems. 
17420 |...-. does aes . 856 5. 70 3 DOR eaK—e GObi os 5 eee Do. 
17998 |--.-- Gos. Jae - 947 5. 66 i OOn esc MON ogee oe eee: Stems. 
TSt5si|eeee Goes cipeee . 849 7. 62 NE | ease i Foye pee Sess 6 All stems. 
19145 |..--- doshas 807 6. 36 .61 | Strong green...---.--- Stems 
19846 |... -- (0 Koerner 1. 030 6. 69 1.42.).5..- C6 1 ae ee RS ER eerie 2 Do. 
20765 | ----- dow. <-244¥ 1.185 7.18 1.13 | Greenish yellow. ----.- Do. 
20786 |----- Moe a baeee 887 6. 06 .37 | Strong green ...--.---- Do. 
20787 |-..--- COs 2:55 588-2 1. 060 7.19 344) sGreenbs: £02. 5 eee Do. 
20793 eA ees GOR. saaeee 954 6.16 Oates GOR 5s LS eee Do. 
20940 |..--- Oe) Sees 772 4.96 .59 | Strong green ...-----.- Do. 
PANS ewes donet 1.145 | 10.12 4.31 | Greenish yellow. ------. Stems and sand. 
22215 |..--- GIS Seees ee 1.015 6. 09 .40 | Dirty green....--.---- Potassium chromateandstems. 
23161 |.---- CO! aca ee 786 5. 27 .66 | Strong green ...---..-- All stems. 
233695|2- 225 Gone sees 1. 040 6. 57 = SOHAGreensayc as). 2 ee eee Stems. © 
23479 |... .- GOs a cseeeY 1.165 6.75 Oo mheaeer GOs te oh ates eae Do. 
23547 ||: -- = Oe cee 1. 090 7.05 SAO ease GOBs Ae Caceres Do. 
24030 |..--- doers ey 1. 050 8. 68 Sul Sesser On, Sasr Pye Stems and sand. 
24768 |_.... G0n 225-6238 1.120 7. 00 scLOMlsanects GOs {Sees oe Stems. 
24749 |... -- Oe, Sse 4 . 898 6.38 .69 | Strong green ...-.--.-- Do 
25046 |..--- do. 1.170 6.10 82 MCC Ta Fe F eeue we Do 


TaBLE 40.—Analysis of commercial powders containing stems, amounts declared, made 
from “‘open’’ flowers and stems. 


Stems calculated 
Stems from— 


Galan) | ieaRN NSae eLean Error. 
present. Murgeen, P,Os. 


Sample No. 


Per cent. | Per cent. | Per Ge Per cent. | Per cent. | Per cent. Per cent. 
5 78 


0. 891 0. 289 8 
1. 080 402 50 20 

1.135 .385 50 ae 

DEO, napeee Ces 50 £518 

947 . 284 75 Eat 

He OR) co Saou 50 Bi. 

887 316 70 ie 

1.060 .390 40 ni 

(eyiy ted Nea 50 + 12 

R7BG: | aun chee 100 ey 

L040 ena 50 Pa 

FROM oe egeuoen. 50 — 15 

PO50 |e ce 50 a 

Baers 3 ieee ene [eee greene We aie iy | unane  G Ha Bikalh a 1 
See ee mee ee NN ine Meise Jaren be Ma Se a 15 
PGE We hes 7 


From Table 40 it is evident that the amount of stems in commercial 
insect powder determined by the proposed method of calculation from 
the values for nitrogen and phosphorus pentoxid agrees within an 
average of less than 10 per cent of the amount declared to be present. 

In some cases the ash and acid-insoluble ash contents in insect 
powders have been found to be higher than they should be, based on 
those determinations made on samples of known purity and on 
samples of flowers and stems. Some jobbers have claimed that the 
high ash content of their product was due to the addition by the 
manufacturer of siliceous material during the grinding or to the intro- 


i 
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duction of mineral matter during the grinding as a result of abrasion 
from the mill. In the case of stone mills there would be some wearing 
of the stones and a small amount of material would be introduced 
into the powder in this way. It can readily be seen, however, that 
if this were sufficient to increase the ash content appreciably, say, 
1 per cent, there would soon be nothing left of the mill. 

In order to determine whether there was any marked difference in 
the composition of the powder from that of the flowers from which 
it was made, a number of samples of ‘‘closed”’ Japanese flowers were 
collected immediately before entering the mill and samples of the 
ground product as it came from the mill. Owing to the great capac. 
ity of the milling and sieving machinery, the powder from any par- 
ticular sample of flowers could not be identified, but when collected 
over a period of a working day an average of all samples collected 
should be representative of the material. In Table 41 are given the 
analyses of these samples, which represent a run of about 60 bales 
(25,000 pounds) of ‘‘closed”’ Japanese flowers. Table 42 contains the 
results of analyses of Japanese stems before and after grinding. 


TaBLE 41.—Anulysis of Japanese ‘‘closed” flowers before and after grinding. 


Flowers. Powder. 
Z Ash in- . Ash in- 
phic Sen,) Ash. soluble AeRapeu Ash. soluble 
. in HCl. as in HCl. 
Per cent. | Per cent. | Per cent. || Per cent. | Per cent. | Per cent. 
1.96 6.75 0.28 1.735 6.77 0.53 
1. 66 6.95 82 1.705 7.15 -74 
1.82 6.85 65 1.89 6.56 -45 
1.78 6. 67 29 1.84 7.19 77 
eee 6.92 -68 | 1.88 7.61 ISP 
1.76 7.09 .79 1.76 7.40 1.00 
tle Zz 7.01 “ES Naif 7.47 -94 
1.79 6.88 47 1.74 7.47 -92 
1.80 7.15 82 1.81 7.53 1.03 
1.94 7.43 .97 1.65 6.84 - 82 
1.76 7.70 1.21 1.81 Ue 1.07 
1.73 7.19 ich 1.73 7.48 1.04 
1.82 7.39 -97 1.85 8.23 1.45 
1.76 6.96 . 60 1.77 We OL 1.09 
1.81 7.40 -98 1.68 7.50 .99 
1.81 7.26 81 1.73 TM 1.31 
1.88 7.33 -79 1.79 8.58 1.82 
1.84 8.58 2.03 1.70 7.42 1.U6 
1.84 CME ett 1.79 Coax .86 
1.91 7.46 89 1.76 8.97 . 64 
1.87 7.50 -94 1.87 8.15 1.33 
1.82 7.63 1.05 1.80 8.19 1.64 
1.81 7.84 1222 1.76 7.44 1.04 
1.80 7.72 1.34 1.76 Me Oe 15 
1.90 8.22 1.83 1.79 7.81 1.29 
1.70 7.28 1.04 1.77 7.43 1.05 
1.93 7.26 1.07 Levies 7.64 27. 
1.90 8.31 ONT 1.73 7.56 1.14 
1.91 7.82 1.36 Mere 7.55 1.13 
1.98 7.68 1.15 ws 7.42 Teale 
1.87 7.59 1.05 1.80 7.93 1.46 
1.84 7.37 .99 1.80 7.59 1.10 
1.91 7.12 .76 1.52 6.59 -81 
1.77 7.22 94 
11.83 17.42 11.00 11.77 17.54 11.10 


1 Average. 
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TaBLe 42.—Analysis of Japanese Pyrethrum stems, before and after grinding. 


Unground stems. Powdered stems. 
F Ash . Ash 
NO Ash. insol. pease Ash. insol. 
: in HCl. in HCl. 
Per cent. | Per cent. | Per cent. || Per cent. | Per cent. | Per cent. 
0.982 5.03 1.10 0. 706 4.29 0.85 
-814 5.58 1.50 . 765 4.54 1.02 
- 854 5.07 .79 1.015 6.26 1.94 
- 948 5. 63 1.45 877 5.50 1.57 
- 884 4.81 -90 . 891 5.75. 1.66 
- 842 5.03 1.15 
- 954 5.86 1.54 
- 891 5.71 1.69 
. 912 5.71 1.72 
- 926 5.88 1.380 
- 758 4.75 1.15 
- 961 6.03 1.84 
.940 5.81 1.81 
- 891 5. 67 1.67 
. 863 5.07 1.28 
. 870 5.57 1.55 
D . 9162 5.222 1.152 - 8792 5. 463 1.522 


1 These stems originally contained much ‘‘dirt’”’ which was removed by sieving, 16 per cent being thus 
thrown away. The figures reported are on the stems after removal of all dirt. The discarded sievings 
analyzed: ; 


< Ash 
mie ben) Ash. insoluble 
3 in HCl. 
Per cent. | Per cent. | Per cent. 
1.93 21.62 13.99 
1.93 23.23 15. 67 
1.82 23.64 16.19 


2 Average. 


The average results for nitrogen, total ash, and ash insoluble in 
hydrochloric acid in the flowers before and after grinding agree 
closely, showing that no appreciable change in composition is 
brought about by the process of grinding. 

In the case of stems the figures for total ash and acid-insoluble 
ash are a little higher in the ground product. This is no doubt due 
in part to the sampling, as it is difficult, in the case of the unground . 
stems, to obtain a uniform sample, owing to the nature of the mate- 
rial and to the way in which it is packed. 

Practically all the insect flowers imported into this country are 
the Chrysanthemum cinerariztolium, but after the beginning of the 
recent European war a few shipments of flowers of Chrysanthemum 
roseum were received from Russia, through Marseilles or Italian ports. 
The results of analysis of these samples are given in Table 43. A 
comparison of these results with the corresponding figures for 
the various grades of flowers and stems of C. cinerarizfolium shows 
that the ash and nitrogen contents of C. rosewm are higher and the 
ether extract and pentosans are lower than those of either the flowers 
or stems of the C. cinerarizfoluum. The values for crude fiber and 
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phosphorus pentoxid of OC. roseum correspond closely to those of the 
closed flowers of C. cinerarizfolium. The powder prepared from the 
flowers of C. rosewm is much darker and has a different odor than the 
ordinary insect powder. The odor of an insect powder and a micro- 
scopical examination should serve as a means to determine whether 
or not the product has been prepared from (. rosewm or C. cine- 
ranizfolium. 


Tasie 43.—Analysis of insect flowers (Chrysanthemum roseum). 


: Ash 
Nitrogen, pp Ether Pento- Crude : 

Sample No. N. P2Os- | extract. | sans. fiber. Ash. Se 

—— Lf | | 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
My Ane ot BE Ra RS ila eee ees LOS: |e cc oie lacie dete ae mete eet | eerie a 8.75 0.60 
ESOL eet ee ee tails cite see eee ee DOB oe a Ske yaacall tee eros ell trate aeatcrerets lem eters cre 8.45 35 
OV oo ghee Set CS Se a Be 2. 26 0.714 2. 83 13. 78 20. 44 11.09 ile itl 
2 Bio Bake SO aoe BOE ea 1.95 691 2.74 13. 21 20. 04 10. 89 1.45 
DON OMe Oya ee a creas ak wafait ae 2a 2.04 738 DAVE} 13. 42 19.31 11.90 si 
PPI TE ES SS SSE Sa ee ea OTe ae fase cis ro oee Reece cae became mee 12. 62 3.42 
DOR ay ee he oats ae mee miccnis 2.08 640i) 45-8 ose lee ers 18. 46 9.15 45 
DOOOS ae Serer lee See ate ciisitins > le ses 2.00 OSL Sees en eek scree 17.80 9.88 1. 26 
Minim win. 2.25 1.95 691 2.73 13. 21 19.31 8.45 35 
WMS 2s cee sch 2. 26 738 2. 83 13. 78 20. 44 12. 62 3.42 
TAN GCOS Se ae SSERse 2.08 714 2.77 13.47 19. 93 10.34 1.27 


Samples of Chrysanthemum leucanthemum (generally called ‘‘field 
daisy” or ‘‘oxeye daisy” in this country), which have been largely 
used in. the past, and to some extent at the present time,! as an 
adulterant of insect powder, have been analyzed in the Insecticide 
and Fungicide Laboratory (Table 44). 


Tasie 44.—Analysis of Chrysanthemum leucanthemum. 


E Ash 
Sample «ae Nitrogen,| , A Ether Pento- Crude 
No. Description. N. Ash. ee P20s. | extract. | sans. fiber. 


Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
1.82 10. 02 0.92 E 


114933 | Flowers only..-....-.-- 0. 684 3.18 14.34 20.14 
2 23020 COE se 2. 23 10. 45 a in Ite AOS SCO aRe eee e GE Seca Paes eae sears 
23020 | Stems only.....-....-.. 1.45 10.38 SLO See ett | Sees SI tse lok Reema). 

1 Sent in as ‘‘false”’ insect flowers. 2 Collected near Markham, Va. 


ACTIVE PRINCIPLE OF INSECT POWDER. 
PREVIOUS INVESTIGATIONS. 


The earliest recorded investigation on the active insecticidal con- 
stituents of insect powder is that of Ragazzini cited by de Visiani 
(67) in 1854. The powder prepared from the Chrysanthemum cinera- 
rizfolium was used by Ragazzini in his experiments. His conclusion 
was that the narcotic action of the powder was due not to any 
single substance but rather to a mixture of substances. 


1U. S. Dept. Agr. Bull. 795. 
139815°—20— Bull. 8245 
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‘Hanamann (114), in 1863, referred to previous work by Heller and 
Kletzinsky, stating that they found genuine Persian insect powder 
to contain no narcotic or alkaloidal plant poisons or poisonous min- 
eral substances, but only ethereal oil and santonin, as the active 
insecticidal constituents. From his own experiments Hanamann 
concluded that Pyrethrum flowers contain no poisonous acting 
alkaloid or santonin, but mostly indifferent substances, and that 
only the ethereal oil in concentrated form can have any harmful 
effect. He stated that genuine insect powder can not have the 
slightest harmful action on the human organism. 

Rother (234), in 1876, recorded the results of some tests made upon 
Pyrethrum, but the species he used is not indicated. The absence 
of alkaloids is proven, and the active principle is stated to be a glu- 
coside, called persicin, which can be split up into glucose and an 
inert body called persiretin. He also isolated a yellowish, bitter 
‘resin, designated as persicein. Later, Rother (235) states that per- 
sicin is not a glucoside and that the glucose reaction is due to glucose 
or a gum preexisting in the powder. Thus the matter is left in a 
state of confusion. 

Jousset de Bellesme (63), in 1876, stated that the toxic principle of 
insect powder is entirely extracted by alcohol. He isolated the 
essential oil of Pyrethrum, and proved its harmlessness on insects. 
As he expresses it, after having submitted Pyrethrum to the treat- 
ment proper to extract an alkaloid, he obtained a crystallized prin- 
ciple which enjoyed to a high degree the toxic properties of the plant. 
This account of the work of de Bellesme is simply an abstract of an 
address he made before the Biological Society of Paris. Statements 
are made, but no experimental proof is given. 

Semenoff (253), in 1877, obtained flowers of Pyrethrum, presum- 
ably Pyrethrum roseum or carneum, from Caucasia, near the Turkish 
boundary. Dried at 25° C., the flowers were as active against insects 
as commercial insect powder. An essential oil was obtained by steam 
distillation, but proved to be inactive. By distillation in an alkaline 
solution a very small amount of an alkaloid was obtained. By 
macerating 1 pound of the flowers with 5 pounds of ether for 5 days, 
and evaporating the extract, a mixture of resin, oil, wax, and acids 
was obtained, which on steam distillation yielded an ethereal oil 
that killed insects. 

Hager (111), in 1878, reported that the insecticidal activity of the 
flowers of Pyrethrum carneum and roseum was due to two substances. 
One was a body similar to trimethylamin which was found in the 
flowers combined with an acid; the other was a resin found in the 
pollen grains. Hager obtained some of the first substance in combi- 
nation with hydrochloric acid, added to it some potasstum hydroxid 
solution, and noticed that flies held over the mixture exhibited con- 
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vulsive movements. ‘The resin when dusted on insects acted very 
energetically. Solutions of the powder made with water or with 
dilute alcohol were found to be entirely inactive. 

Dal Sie (60), in 1879, claimed to have proven the presence of a free, 
easily volatilized acid which was found in the ethereal, alcoholic, or 
aqueous extracts of the powder. From the ether extract of the flowers 
he obtained not only a crystallizable acid, but also an aromatic 
smelling acid of oily consistency at ordinary temperature. From 
the alcoholic extract he obtained a resinous matter resembling a 
elucoside, probably the same as that found by Rother, since under 
the influence of dilute sulphuric acid it split up into sugar and another 
product. According to Dal Sie, since the fumes which result from 
the incomplete combustion of insect powder exhibit the toxicity 
of the original powder, the toxic principle must be volatile without 
decomposition, and the free volatile acid is,’ therefore, the most 
active constituent of Pyrethrum. 

Oscar Textor (272), 1881, as the result of his tests, stated that 
“the active principle of Persian insect powder is, in nature, a soft 
resin.”” He pulverized (80-mesh) 14 ounces of whole flowers (species 
not indicated), and percolated the powder with benzine for 6 hours, 
using 6 fluid ounces. The benzine solution was evaporated, water 
added, and again evaporated to remove any volatile oil. The residue 
was treated with dilute acid and filtered. No alkaloid could be de- 
tected in the filtrate by phosphomolybdic acid, Mayer’s reagent, or by 
a solution of iodin in potassium iodid. The benzine extract, the 
benzine extract in alcohol precipitated by acid, and the benzine 
extract in caustic potash and precipitated by acid, were all poisonous 
to flies. The benzine extract in alcohol was acid to litmus. A test 
for essential oil was made by allowing the powder to stand in dilute 
salt solution for 24 hours and then distilling, but none was obtained. 

Hirschsohn (133), in 1890, found that alcohol, ether, chloroform, 
or benzine would dissolve the active principle of insect powder. 
The extract obtained with these solvents, when added to an inactive 
powder, e. g., powdered chamomile, produced a powder as active 
as the original insect powder before extraction. From the work 
_of Hirschsohn, the active principle would appear to be nonvolatile, 
as he found samples of powder which had stood for 5 years in paper 
boxes still as active as fresh powder. Heated at 120°, insect powder 
lost its odor, but was as active as ever against flies. To see if the 
active principle was acid in nature, he treated powder with alcoholic 
ammonia, also with alcoholic potash, but after drying in the air the 
powder was as active as ever. Placed for 24 hours in water, the water 
became acid, but the powder after. drying was still active. 
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Gillette (96), in 1889, arrived at the same conclusions as to the 
absence of toxic substances in the volatile oil of Pyrethrum. He 
made practical tests upon insects, operating as follows: 


Two or 3 grams of the powder were first put in a test tube and the dust allowed to 
settle fora few minutes. Then a loose cotton plug was pushed halfway down in each, 
upon which were placed the insects, and the tubes were then tightly corked. Dipte- 
rons, ichneumons, chalcids, cynipids, and aphids were subjected to this treatment, 
and allowed to remain for different lengths of time, varying from 1 or 2 to 40 hours, 
without showing any signs of being affected by the volatile oil. 


To see if the toxic principle of Pyrethrum would come off at a 
higher temperature, Gillette made further tests: 


Two cynipids were then similarly inclosed in a tube with fresh powder and the lower 
end of the tube was held for 10 minutes in a dish of boiling water, the upper end of the 
tube being kept cool with a wet cloth. The insects were allowed to remain for a few 
minutes after the boiling, but showed no signs of being affected by the treatment. 

_ Another tube was then prepared in which were confined other cynipids in a manner 
similar to the preceding, and the tube was held over the flame of an alcohol lamp and 
constantly shaken until the powder was entirely browned, care being taken not to 
burn it. The insects were unhurt by this treatment. 

Then a quantity of powder was put in a tube and held in the flame of a lamp until 
the tube was filled with fumes. These fumes were poured over into another tube 
in which was an ichneumon, on which they took immediate effect and death ensued - 
in a very few minutes. 

Next, three ichneumons were enclosed in separate tubes. One wasshaken up with 
a small amount of fresh Pyrethrum powder, one with a small amount of the browned 
powder spoken of in the second preceding experiment, and one in a small amount 
of the partially burned powder spoken of in the preceding experiment. In each case 
the insect was killed, the fresh and the browned articles acting alike, and the par- 
tially burned powder acting somewhat slower. 

Three grams of the powder were then put in about 90 cc. of water in a retort and 
boiled for one-half hour, the vapor being caught and condensed in a receiver. Soon 
after boiling began a slight odor was noticed escaping about the mouth of the receiver 
which the neck of the retort did not quite fill. A cynipid was entangled in a bit of 
cotton and crowded into the opening, where it remained for 12 minutes without being 
affected. 

About one-half of the liquid was sent over in the above experiment, and the distil- 
late was clear, colorless, and almost tasteless and odorless, there being a slight taste 
resembling steeped hay. The distillate and the residue were used to compare their 
insecticidal properties with one another and with fresh powder extracted in cold 
water for 24 hours. The results of these experiments were that the distillate used 
pure killed but a very small percentage of the lice treated and that the residue was as 
efficient as the same amount of powder extracted in cold water. 


Gillette found that ether extracted all the insecticidal principle 
from Pyrethrum, as the extracted powder when dusted upon insects 
had no effect. The greater part of the ether extract would dissolve 
readily in water, and this water solution affected insects exactly as 
if they had been treated with Pyrethrum. 

Zuco (296), in 1889, made an ethereal extract of the flowers of 
Chrysanthemum cinerarizfoluum. After repeated treatment of this 
with aqueous and alcoholic potash a substance was left which formed 
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yellow crystals and had a melting point of 70°to 100°. After repeated 
recrystallization from cold ether a paraffin, C,,H,,, of melting point 
64°, was obtained. This dissolved freely in ether, benzene, chloro- 
form, and moderately hot alcohol, but was almost insoluble in cold 
alcohol. The portion remaining in cold ether was recrystallized 
until the melting point was above 150°. Pure cholesterin was pre- 
pared from either the acetyl or benzoyl derivative of this substance 
by the action of alcoholic potash. The cholesterin thus obtained had 
a melting point of 183°; the melting point of its acetyl derivative 
was 223°, and that of the benzoyl derivative, 246°. It dissolved 
freely in ether, benzene, and chloroform, sparingly in hot alcohol, 
and gave all the reactions for cholesterin. 

In 1890, Zuco (297, 298) obtained a glucoside and also an alkaloid 
from the flowers of Chrysanthemum cinerariefolium. He described 
the glucoside as crystalline, but not enough was obtained for proper 
investigation. Later, Zuco (299) described the method he used in 
obtaining the alkaloid, called chrysanthemine, from Pyrethrum 
flowers. Ten kilograms of flowers were boiled in distilled water for 
2 or 3 hours, filtered through cloth, the residue pressed and treated 
again in the same manner. The extracts were evaporated down to 
30 liters, treated with neutral lead acetate and basic lead acetate, 
neutralized with soda, filtered, and the excess of lead removed by 
passing hydrogen sulphid. After filtration, the liquid was concen- 
trated to about 2 liters, boiled for some time with dilute sulphuric 
acid, filtered again, and boiled until no more resinous matters were 
formed. The liquid was then decolorized with animal black, and an 
excess of the double iodid of potassium and bismuth added, which 
precipitated a heavy bright red crystalline powder. From this the 
alkaloid was obtained. According to Zuco this is a colorless sirup, 
soluble in water and in alkalis, soluble in ethyl and methyl alcohol, 
but not in ether, chloroform, or benzene. The base is described as 
being optically inactive and physiologically innocuous. The work 
of Zuco thus shows that the active insecticidal agent of Pyrethrum 
flowers is not alkaloidal in nature. 

Eymard (77), in 1890, distilled a mixture of insect powder with 3 
parts of water. The distillate was slightly opaline, held in suspen- 
sion a small quantity of ‘‘essence,’’ and presented a strong and 
characteristic odor of Pyrethrum flowers. Tested upon ants and 
other insects, however, the distillate was found to have no effect, 
from which Eymard concludes that the essential oil is not the active 
insecticidal agent of insect powder. 

An ether extract was made, deep yellow and strongly odorous. 
It gave up nothing to water, but was completely soluble in 95 per 
cent alcohol and in alkalis. From alkaline solution it was precipi- 
tated by acid. From 110 grams of insect. powder Eymard obtained 
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5.60 grams ether extract. This was dissolved in alcohol and treated 
with silver nitrate, which precipitated the fatty acids as silver salts, 
while the silver resinates remained in solution. The ether extract 
was in this manner shown to consist of 3.80 grams fatty bodies and 
1.80 grams resinous matter. Insects placed upon a piece of paper 
impregnated with this resinous matter manifested extreme agitation 
and died in about 5 minutes. After exhaustion with ether, the 
insect powder was successively extracted with 95 per cent alcohol, 
cold distilled water, and boiling distilled water, but no toxic sub- 
stances were obtained. No alkaloids were detected. Eymard con- 
cludes that the toxic principle of Pyrethrum is found in the part 
soluble in ether, and more especially in the resin. However, it is his 
opinion that several factors unite in the réle of insecticide, as he found 
that the isolated active principle worked less actively than the 
original powder. 

‘Schlagdenhauffen and Reeb (245), in 1890, distilled 250 grams of 
the flowers of Pyrethrum in a current of steam, collecting 750 grams 
of distillate. After filtering through a wet filter, the distillate was 
extracted with ether, the ethereal solution separated, filtered, and 
evaporated at a temperature not exceeding 30°. A few drops of a — 
ereen oil which was toxic to insects were thus obtained. No alkaloid 
was present in the oil. The aqueous part was acid, but had no 
injurious effect upon insects. The authors obtained an acid which 
was toxic to insects, by exhausting with alcohol acidulated with 
hydrochloric acid, drying, exhausting with ether, shaking the ethe- 
real solution with ammoniacal water, evaporating to dryness, again 
taking up in water, and filtering. The filtrate contains the am- 
monium salt of the toxic acid. This acid was also obtained by 
extracting with alcohol, neutralizing exactly with a solution of 
potassium hydroxid, evaporating gently to dryness, taking up in 
water, filtering, and treating the filtrate with a solution of tartaric 
acid, and extracting the liberated acid with ether. This toxic acid 
the authors call pyrethrotoxic acid. Injected into guinea pigs, this 
acid produced its action in 2 perfectly distinct stages. In the first, 
an excitation was produced, being more or less pronounced according 
to the proportion of matter administered; in the second stage, on 
the contrary, a complete prostration was produced, accompanied 
always with paralysis of the lower extremities. 

Thoms (275), 1890, extracted 10 kilograms of best ‘‘closed”’ 
Dalmatian flowers with 55° petroleum ether for 7 days. Evaporated 
in vacuo, he obtained 230 grams of a greenish-yellow extract which 
had the characteristic odor of insect powder. This extract contained 
many crystals and was of a waxy consistency. By solution in alco- 
hol and again evaporating, a yellow wax, melting point, 54°, was 
obtained. By pouring the alcoholic solution into water and setting 
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in the direct sunlight, a white wax, of melting point 56.5°, was ob- 
tained. After separation of the waxy bodies from the solution a 
sugar (dextrose) was shown to be present. Altogether, Thoms 
succeeded in isolating from insect powder: (1) An essential oil, (2) 
a volatile acid, (3) a wax, (4) a nonvolatile, potassium permanganate 
reducing, balsamlike acid, (5) chlorophyll, (6) colophonic acid, (7) 
tannic acid, (8) a body with alkaloidal properties, (9) a body with 
elucosidal properties, and (10) sugar. Thoms found the petroleum- 
ether extract and the essential oil to possess toxic properties, while 
the nonvolatile acid, the glucoside, and the other substances were 
harmless to insects. 

De Boisse (64), 1895, claimed that the active principle of Pyre- 
thrum cinerariefolium is a yellow resin soluble in sulphuric ether, 
insoluble in water, very slightly soluble in alcohol, carbon disulphid, 
and fatty bodies. Alkalis decompose it rapidly. The flowering 
heads and leaves contain a good deal of this resin; the lower parts of 
the stems, very little. De Boisse gives no experimental proof for 
these statements. 

Durrant (73), in 1897, stated: ‘‘The toxic properties of insect pow- 
der are due to (1) a volatile oil amounting to 0.5 per cent in picked 
specimens of closed flowers and much less in open flowers; (2) a soft 
acid resinous body which is the principal source of the toxic effect. 
It is found to the amount of 4.8 per cent in selected closed flowers, 
less than 4 per cent in half-open flowers, and still less in flowers that 
are fully open; the whole plant apart from the flowers contains mere 
traces of resin.”’ 

Gerard (93), 1898, stated that the active principle of Pyrethrum 
consists of two different substances: (1) An oleo-resin, and (2) an 
essential oil. These are found principally in the bracts and around 
the ovaries of the flowers, comparatively little bemg found in the 
corollas. ; . 

Sato (236, 237), as a result of work done in 1905-1907, reports the 
isolation of a light-yellow, odorless, transparent, sirupy resin from 
Pyrethrum. flowers, which he calls pyretol. At first this is tasteless, 
but later has a benumbing effect. It is insoluble in water and dilute 
acids, and soluble in alcohol, ether, and petroleum ether. It is 
soluble in hot alkaline solutions, but when precipitated from such 
solutions by acids the resin becomes completely inactive. 

Fujitani (89), in 1909, conducted an elaborate research on the flow- 
ers of Chrysanthemum cinerariefolium, using flowers cultivated in 
the Provinces of Ki-i and Mikawa, Japan. The flowers were ground 
and the powder soaked for 1 week in 95 per cent alcohol at room 
temperature. The alcohol was distilled off, leaving an extract of a 
ereenish-brown color and a characteristic odor of insect powder, and 
quite toxic to insects. The yield was about 10 percent. The alcohol 
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extract was shaken up with water until entirely free from water- 
soluble substances. The residue was then dissolved in ether, the 
part insoluble in ether being treated with potasstum hydroxid solu- 
tion, and this then shaken out with ether. The deep-green ethereal 
solution was freed of chlorophyll, etc., by shaking with 10 per cent 
caustic-potash solution until the dark green turned to a yellow brown 
and the alkaline solution was entirely colorless. The ether solution 
was then shaken out once with dilute sulphuric acid, then with water, 
and finally the ether distilled off. This left a clear, yellow-brown mass 
which gave a neutral reaction and had a sharp and bitter taste and 
the characteristic odor of insect powder. The yield of this material 
was 1.4 per cent of the original material. For further purification 
the substance was dissolved in a little ether mixed with a large 
amount of petroleum ether, filtered, warmed with animal charcoal, — 
and again filtered, and the petroleum ether then evaporated. A 
yellow sirupy mass was left, which had only a feeble odor, and a 
taste bitter at first and then intensely sharp. It gave a neutral 
reaction, was soluble in alcohol, ether, etc., but was insoluble in 
water, acids, and alkalis. It contained no nitrogen. This substance, 
which seems to be an ester, Fujitani calls pyrethron, and it is, accord- 
ing to him, the active insecticidal principle of Pyrethrum. Pyre-’ 
thron decomposes even on standing, yielding pyrethrol, which ap- 
pears to have the formula C,, H,,O. Tested upon different animals, 
pyrethron showed an action similar to that of veratrme. Fish and 
insects were very susceptible but protozoa very tolerant. On warm- 
blooded -animals it caused epileptiform convulsions, increased 
blood pressure, and increased breathing movements. 

Reeb (214), 1909, criticized Fujitani’s work, arguing that treat- 
ment of the alcoholic extract with such powerful reagents as 10 per 
cent solution of potassium hydroxid and sulphuric acid might change 
bodies dissolved in the alcohol. Therefore it is not certain that the 
final product obtained by Fujitani, although toxic, is the real active 
preexisting principle. Reeb extracted Dalmatian insect powder 
with petroleum ether (specific gravity, 0.670). The petrolic liquids 
were filtered and evaporated, leaving a soft residue which represented 
3.50 per cent of the powder employed. This was treated with suc- 
cessive quantities of hot alcohol in the presence of a little animal 
charcoal. The alcoholic solutions were filtered and allowed to stand 
about a month, at the end of which time a resin (melting point, 125°) 
had deposited. This resin Reeb calls pyrethresine. From the alco- 
holic solution Reeb separates pyrethrotoxic acid by evaporating to 
dryness, taking up in acetone, adding barium carbonate, evaporat- 
ing to dryness, taking up in water, decomposing with sulphuric acid, 
and shaking out with ether, which upon evaporation leaves the pyre- 
throtoxic acid. From this work, therefore, Reeb verifies the work of 
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himself and Schlagdenhauffen. According to Reeb, the toxic prin- 
ciple of insect powder is an acid called pyrethrotoxic acid, which pre- 
exists in the free state in the flowers of Pyrethrum. 

In 1912 Yoshimura and Trier (295) published the results of their 
work upon the closed flowers of C. cinerarizfolium in search of 
betains. From 1 kilogram of air-dried powder they obtained 0.2 
gram cholin and 0.8 gram stachydrin, both calculated as hydro- 
chlorids. They made no tests as to the insecticidal action of these 
substances, but they are probably inert. 

Siedler (258), 1915, distilled 30 kilograms of half-closed flowers 
with dry steam, extracted the distillate with ether, and thus obtained 
a salvelike mass of strong characteristic odor. The yield was 20.212 
erams, or 0.067 per cent of the origimal material. Spread on un- 
glazed porcelain, all was absorbed but 0.789 gram. By fractional 
recrystallization from aqueous alcohol 2 bodies were obtained from 
this unabsorbed portion: (1) Fine needles, melting point, 54—56°; 
and (2) fine plates, melting point, 58-60°. Recrystallized from 
absolute alcohol this substance had a melting point of 62°. Ele- 
mentary analysis of (1) showed it to correspond closely to the 
formula C,,H,,. Analysis of (2) showed a formula approximating 
palmitic acid. The material absorbed by the porous plate was 
extracted with ether, and this concentrated solution mixed with 2 
parts ether and 1 part alcohol. By extraction with sodium bisul- 
phite solution, 0.049 gram of material was obtained of an aromatic 
odor, but without effect upon insects. By extraction with 2 per 
cent potassium hydroxid solution, 3.156 grams of material were 
isolated. No test for phenol could be obtained. An acid of butyric 
odor was obtained, but it was inert toward insects. Other tests, 
such as distillation of the material under reduced pressure, are 
recorded by Siedler, but nothing possessing insecticidal action could 
be isolated. ° 

Evidently, then, a number of investigations on the nature of the 
active insecticidal principle of Pyrethrum have been carried out, 
but the results are at great variance. Table 45 gives a brief sum- 
mary of these investigations. 


TasLe 45.—Summary of investigations on active insecticidal principle of Pyrethrum. 


1 = : fs * ° : 
car. Investigator. Pee Species of egretiram Active eet considered 
; reference. z 
1854 | Ragazzini(de Visiani)_... 67 | Cinerarixfolium......... A mixture of substances, nature 
not determined. 
1863 | Heller & Kletzinsky 114 | Rosewm (?)-....-2......- | An essential oiland santonin. 
(Hanamann.) 
1863 | Hanamann............_... U4 oe (6 Oe se) ee ee eee. An essential oil, “persicin.”” 
Saonorother! 62. t LoS) 2. kn ee 284 235) C2) Ree e ened Mee ee 
1876 | De Bellesme- -...........-. RING) = oe bets See fees A “erystallized principle.” 
1877 | Semenoff................-. 253) | Hosen (ae ea. Soe ee oe An essential oil. 
LS PE Ve) aa ee 111 pie and Carneuwm | A resin and an amin. 
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TaBLeE 45.—Summary of investigations on active insecticidal principle of Pyrethrum— 


Continued. 
Miede Investigator. eee Species of Pyrethrum Active principle considered 

reference. used. to be— 
1870)|, DaliSievsseass.c2ssee eck. GO | G2) 2 Lea ee: Rea es A free volatile acid. 
PSST AAD Ox PO seen spite ee aie PY PTA @A eo sense Ae Sete baer ue tices A soft resin. 
1889) |'Gillettes 7p ass. 96 18C2) oe ee eee in caer 2 

solated a para: a phytosterol 
Fee \Zuco BA Re Bee} ae cee pe 5 ae { a6 ee \ Cinerariefoliwm ee SELES: an alkaloid, and a glucoside, 
ms but all were inert. 
1890 | Hirsehsohne-=--22222---2- 133 | Rosewm (?).-....-....--- Not acid and not volatile. 
S80). |) Ante oce acess sek ecoase TE | GP) ere eo ee eee Principally a resin. 
1890 eellsedenbauven and 245 | Cinerarixfolium........- “Pyrethrotoxic acid.” 
eeb. - 
1890) |) Rhomigys ssh i952: 485 Ns An essential oil. 
1895 | De Boisse...-. A resin, ake 
1897 ; Durrant-.-..-- Ben A resin and volatile oil. 
1898 |Gerardessseee esses BREE he An oleoresin and volatile oil. 
108 \sato as i ReMy eed tec A sirupy resin, ‘“‘pyretol.”’ 
1909 | Fujitani-.................. An ester, “‘pyrethron.”’ 
TSOQRIBRGe sae eo eae et A ee GO) ee ees “Pyrethrotoxic acid.” 
1912 | Yoshimura and Trier....-.| 2955 |aaeee GO MEE. LUIS eee Cholin and stachydrin (inert). 
T9Voy | Siedleria. Aas ce ees | wife) oe ee Cc lo ee ee: Bee hee Nothing definite. 
. 1 


EXPERIMENTAL WORK. 


PRELIMINARY TESTS. 


The coarsely powdered flowers, subjected to steam distillation, 
yielded 0.28 per cent of a fragrant oil. This had an odor somewhat 
like that of rosemary oil, together with a characteristic Pyrethrum 
odor, but the amount obtained was too small to permit a chemical 
examination. Tested against flies, this oil had only slight repelling 
properties, and did not show the characteristic effects of Pyrethrum 
powder. — 

A steam distillation of the flowers in the presence of sodium 
hydroxid yielded only 0.15 per cent of oil, which had a disagreeable 
odor. Careful tests for alkaloids in the distillate gave negative 
results. A steam distillation of the flowers in the presence of a 
little sulphuric acid yielded 0.16 per cent oil, which lacked the 
characteristic odor of Pyrethrum. Tested against flies, the oils 
from the alkaline and acid steam distillations had even less effect 
than that obtained in a straight steam distillation. From these 
distillation experiments it may be concluded that the substance, or 
substances, in Pyrethrum which cause its characteristic effect upon 
insects are not removed by steam distillation in neutral, alkaline, 
or acid solutions. 

After being subjected to steam distillation in neutral solution, the 
flowers were dried and tested upon roaches, when they were found to 
be as active as before treatment. This shows that treatment with 
steam does not decompose the insecticidal principle. 

To test the action of dilute acid and alkaline solutions upon 
insect flowers, 50 grams of the coarsely powdered material were 
treated with 500 cc. of solution for 24 hours, stirred occasionally, 
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then filtered off, and dried at room temperature. The residual 
powder, after treatment with 1 per cent hydrochloric acid (HCl), 
1 per cent acetic acid (CH,COOH), 1 per cent ammonium hydroxid 
(NH,OH), or distilled water, was apparently as active as ever 
(tested against roaches), but after extraction with 1 per cent potas- 
sium hydroxid (KOH) the powder was entirely inert. These tests 
show that the active principle is soluble in dilute KOH, or else is 
rendered inert by it, but is insoluble in, or unaffected by, water, dilute 
acids, or dilute ammonium hydroxid. 

Heated at 107° C. for 17 days the powder took on a markedly ° 
reddish color. All characteristic odor disappeared after about 3 
days’ heating. At the end of the 17-day period the powder was 
tested upon roaches, and found to be entirely inert. Heated in a 
vacuum oven at the temperature of boiling water for 14 hours, the 
powder completely lost its characteristic odor, but was still active 
against roaches. This again indicates that the essential oil does 
not contain the characteristically acting insecticidal principle. 

Different portions of the powder were dried over sulphuric acid 
and solid sodium hydroxid in desiccators in vacuo for 12 days. At 
the end of this time the powders had lost a great portion of their odor 
but were still active against roaches. 

The following tests were made on 300 grams of powder to see 
what amount of extract different solvents would remove when used 
one after the other in a Soxhlet extraction apparatus. The succes- 
sion used was petroleum ether, chloroform, acetone, and 95 per cent 
alcohol: 


Solvent. é Extract. 

Per cent. 
EG OM Mee Hele tate = ta rola hes Sas lomo nae os Seine Cees medics cee ne pene ae cee sacenec es 3.4 
CHIGICION S: 2 bene Ses CSR cS be SSBEE JED SSCS Ler HESS eee Ens Soe ae cote Spe eiede le Oy cee (ene 5.0 
Acetone. ..--------- wo Ey ie tt oto fe EP i, a ea i yore Ae Shey oui Le te to aes a me tv 6.2 
VOghi@ ll set os: sn Secunda Be Ue Soper poescroess gmee coe cepScosco Hae pete ss eceusne aeesuaeereanes 9.0 
INGllle.s so: cee aca ne SR ORE Oe RESO e FeO ge char en goabes Sab oe meer Speen wee Serene es sere 23.6 


Fifty-gram portions of coarsely-powdered material (made from 
partially open flowers) were then completely extracted in Soxhlet 
extraction apparatus by various organic solvents. The object of 
these extractions was to determine what solvents would remove the 
active principle and at the same time extract as little as possible of 
the other substances. In nearly all cases a quantity of resinous 
material separated from solution after the extraction had been run- 
ning for some time. This resinous material, which would not go 
into solution, even when treated with large quantities of the solvent, 
apparently resulted from the polymerization of unstable terpenelike 
substances extracted by the solvent, a polymerization probably 
induced by the heat of the boiling solvent. 
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After extraction the material was tested on roaches, ants, and other 
insects by the entomologists of the Bureau of Entomology, of this de- 
partment, at the Vienna testing laboratory, Vienna, Va. In all 
cases the extracted material was entirely inert when tested against 
these insects, showing that all the solvents used completely remove 
the insecticidal principle. 

Table 46 shows the solvents used, the total amount of extracted 
material removed by each solvent, and the amount of insoluble resin 
separating out in each case. 


TABLE 46.—Amount of material extracted by various solvents from the flowers of C. cinera- 
rixfolium (Sample No. 26962). 


Solvent. Total | Insoluble 


extract. resin. 
Per cent. | Per cent. 
C@hJoroformiiy. aij Bee Ss ys Se he cap ie ets A icy en a age ete ea 8. 93 0. 04 
Hage Hetiachinrta BS kets abi PEE oe REM Seer ee Ine SARE Re Bei Ns ee Se yee 6.51 - 80 
WeiSiiPrethier 2. ee ae Reese Se 7 2 La ap a a 7.85 17 
Petroleum BtHeE SIS PUES ES ado SERED LS acs ede 2 Dee AY Se nee Ba iii 37 
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No insoluble resin is formed in extracting with benzol, and only 
a trace with chloroform. The large amount of insoluble extract in 
the case of methyl alcohol is explained by the fact that the solution 
went nearly to dryness through loss of the solvent by evaporation. 

In view of the fact that all the solvents completely removed the 
insecticidal principle, as shown by practical tests, and petroleum 
ether extracted the smallest amount of material, it was decided to 
use petroleum ether as the solvent in further work and to use a perco- 
lator in making the extractions, to avoid heating the material in 
solution. 

For the percolation a quantity of the highest grade closed Japanese 
insect flowers procurable were coarsely powdered, packed in a glass 
percolator, macerated with the solvent for 48 hours, and the percola- 
tion then allowed to proceed slowly, the solution being drawn off at 
the rate of about 1 drop a second. In this way a beautiful, slightly 
greenish-yellow solution was obtained. This was placed in large 
glass crystallizing dishes, and the solvent allowed to evaporate at 
room temperature in a current of air. The residue remaining was 
partly solid and partly an oily liquid, at ordinary temperature, of a 
reddish-yellow color, and had a strong characteristic odor. Nothing 
crystalline was observed in this residue. Careful tests showed that 
it did not contain any nitrogen. 
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For further separation of the materials present in this residue, the 
entire material extracted by the petroleum ether was saponified by 
boiling with alcoholic potash (22 grams of potassium hydroxid and 600 
cc. 95 per cent alcohol to 32 grams of extract). The boiling was con- 
tinued for 75 minutes, the alcohol removed by evaporation on the 
steam bath, the residue taken up in water, and the alkaline solution 
extracted withether. The ethereal extracts, which were of a beautiful 
reddish-yellow color, were combined, washed with a little water, 
dried over calcium chlorid, and the ether removed by evaporation at 


room temperature in a current of air. A mass of reddish-yellow — 


powder was left. On recrystallizing this powder from alcohol, the 
first recrystallization removed all of the red color, and the second all 
but a trace of the yellow color, leaving crystals of a very pale yellow. 
The melting point of these crystals (167° to 168°) and tests for a 
phytosterol showed it to be a phytosterol-like substance. Tested 
upon insects (roaches, ants, and aphides), it proved to be inert. 

The mother liquors from the recrystallizations were evaporated to 
dryness in a vacuum desiccator over sulphuric acid. More of the 
phytosterollike substance was obtained, but nothing else. This was 
also found to be inert against the insects mentioned. The insecti- 
cidal principle of Pyrethrum flowers is not, therefore, in the non- 
saponifiable portion of the petroleum-ether extract. 

The solution from the saponification after extraction with ether 
was made slightly acid with sulphuric acid, and again extracted with 
ether. These extracts were very dark red, almost black. After 
washing with a little water, drying over calcium chlorid, and evapora- 
ting the ether at room temperature in a current of air a sticky resin 
was left. Special tests were made for phenols in this material, but 
the results were negative. Tests on small portions with various sol- 
vents failed to yield any crystalline product. 

~The whole of the saponifiable portion was then dissolved in U. S. 
P. ether, and about twice its volume of petroleum ether added. This 
precipitated a very dark, sticky resin, which was filtered off. Tested 
upon aphides, this resin proved to be inert. 

The filtrate from this resin, which contained the fatty acids, was 
evaported to dryness, leaving a soft, yellowish, oily, sour-smelling 
residue. This material was shown to contain acetic and other fatty 
acids, together with a pungent-tasting oily substance which was pres- 
ent in too small an amount for further investigation. When sprayed 
upon aphides feeding on nasturtium plants, the fatty acids injured 
the leaves of the plants, but the aphides were unaffected. 

These tests show that saponification with alcoholic potash produces a 
chemical change which destroys entirely the insecticidal action of 
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the material. That saponification with alcoholic potash effects chem- 
ical decomposition in some of the compounds present is also shown 
by the fact that petroleum ether added to the U.S. P. ether solution 
of the saponifiable portion precipitates a resin, whereas all the mate- 
rial before saponification was soluble in petroleum ether. 


PROCEDURE 2. 


Since saponification with alcoholic potash destroys the insecticidal 
action of the material extracted by petroleum ether, another proce- 
dure was adopted. A petroleum-ether extract was obtained as be- 
fore, evaported to dryness, and taken up in U. S. P. ether. This 
ethereal solution was successively extracted with aqueous solutions 
of ammonium carbonate, sodium carbonate, and sodium hydroxid, 
made up on the basis of 10 grams of salt to 100 cc. of solution. The 
ammonium carbonate solution assumed a light yellow color when 
shaken with the ethereal solution of the extract. Emulsions which 
were difficult to separate formed. After repeatedly extracting with 
ammonium carbonate and washing with water, the ethereal solution 
was separated, and reserved for the sodium carbonate extraction. 

The ammonium carbonate solution was made acid with sulphuric - 
acid and shaken with ether, which slowly and apparently incom- 
pletely took out the yellow color. On evaporating this ether extract - 
to dryness, after washing and drying over calcium chlorid, a few 
greenish-yellow, oily, sticky drops were left. From 1,920 grams of 
powdered flowers only 0.345 gram of material was thus obtained. 
This amount was too small for purification and chemical testing, and 
was, therefore, used for testing on insects. It was dissolved in about 
50 cc. of 95 per cent alcohol, diluted with an equal quantity of water, 
and sprayed on nasturtium plants which were infested with aphides. 
From 75 to 80 per cent of the aphides were killed. In check tests 
with 50 per cent alcohol no aphides were killed. 

The aqueous solution of sodium carbonate removed a noticeable 
amount of a brownish-yellow material, which was obtained as a 
sticky mass after acidifying and extracting with ether. Tested 
against aphides in the same way, the material proved to be very ac- 
tive, killing 100 per cent. Extraction with sodium hydroxid solu- 
tion removed a quantity of chlorophyll and also some of the insec- 
ticidal constituents. About 80 per cent of the aphides sprayed with 
an aqueous alcoholic emulsion of the extracted material were killed. 
On evaporating the ethereal solution of the original petroleum-ether 
extract after these successive extractions with aqueous ammonium 
carbonate, sodium carbonate, and sodium hydroxid, a strong reddish- 
orange pasty material was left. Tested on aphides, this material 
likewise exhibited marked insecticidal power, killing about 90 per 
cent of the insects. 
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These tests show that the active principle can not be wholly acidic 
or phenolic in nature; otherwise all would have been extracted by the 
aqueous sodium hydroxid solution. 


PROCEDURE 3. 


In this procedure the petroleum-ether percolate was not evaporated 
to dryness, but was first extracted with a saturated aqueous solution 
of sodium bisulphite to remove aldehydes, if present, and then with 
1 per cent sodium hydroxid. 

On acidifying the sodium bisulphite extract with sulphuric acid, 
extracting with ether, and evaporating to dryness, a trace of a 
sticky varnish was obtained. This had a pleasant odor, gave a 
somewhat indefinite test for aldehydes, and appeared to be a poly- 
merization product. The amount obtained was too small for satis- 
factory testing, but apparently a very small amount of aldehyde is 
present in the petroleum-ether extract of insect flowers. The sodium 
hydroxid extract contained a quantity of chlorophyll, and in other 
respects resembled very closely the sodium carbonate and sodium 
hydroxid extracts obtaimmed in Procedure 2. 

The residual petroleum-ether solution, after successive treatment 
with the bisulphite and hydroxid of sodium, was evaporated to dry- 
ness, and left a sirupy, reddish material similar to the residue ob- 
tained in Procedure 2. 


IDENTIFICATION TESTS ON THE MATERIALS ISOLATED IN PROCEDURES 1, 2, AND 3. 


These extracts were subjected to a number of special tests as out- 
lined in Mulliken’s “‘Identification of Pure Organic Compounds”’ and 
other standard works, the details of which it is unnecessary to repeat 
here. By means of these tests it has been shown that the petroleum- 
ether extract of the flowers of C. cinerarixfolium, which completely 
removes all substances of insecticidal action, contains no ketones, no 
phenols, and no nitrogen-bearmg compound, but that it consists 
largely of an ester, together with a trace of aldehyde and a quantity 
of free acids. 

These results harmonize some of the discrepant conclusions reached 
by previous investigators, especially Schlagdenhauffen and Reeb, 
who claim that the active principle is an acid, to which they gave the 
name of pyrethrotoxic acid, and Fujitani, son caus that it is a 
neutral ester; which he aed pyrethron. 


DISTRIBUTION OF THE ACTIVE PRINCIPLE IN CHRYSANTHEMUM 
CINERARIASFOLIUM. 

It has long been known that the flowers of the Chrysanthemum 
cinerarizfolium possess insecticidal properties. The action of the 
stems is so slight that they are practically worthless as an insecticide. 
It has been generally supposed that the buds, or ‘‘closed”’ flowers, 
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were more active than the mature or “open” flowers. In the trade, 
insect flowers are divided into 3 grades: “Closed,” ‘‘half-closed,”’ 
(or “‘half-open’’), and “open.” The “closed” flowers are usually 
sold for about twice as much as the “‘open’”’ flowers, which would 
imply that their insecticidal power is correspondingly greater. 

Of those who have conducted investigations on the active principle 
of insect flowers, Gerard (93) is the only one who states in what part 
of the flower it is chiefly found. According to him, there are 2 active 
substances, an oleoresin and an essential oil, which are found princi- 
pally around the ovaries of the flower, and to a small extent in the 
corollas. 

The work on insect flowers and stems here reported, in which it is 
shown that the nitrogen content increases with the grade of the 
product, led to a determination of this constituent in the different 
parts of the flower, and at the same time a test of these same parts 
on insects to see if the insecticidal effect was related in any way to 
the amount of this element present. Some typical commercial 
“open” flowers (C. cinerariefoluwm) were obtained, and dissected 
into their principal parts. In most commercial samples, the greater 
number of the flowers have lost their dise and ray flowers, and con- 
sist only of fruit. receptacles, and involucral scales. The fruit 
amounted, on the average, to 80.5 per cent, the receptacles to 10.8 
per cent, and the involucral scales to 8.7 per cent of the whole 
flowers. Enough disc flowers were collected to determine their 
nitrogen content, but these were lacking in so many of the “open’’ 
flowers that their natural relative proportion could not be determined. 
Their normal actual percentage by weight, however, is very small. 
The results of the analyses are given in Table 47. 


TaBLE 47.—Determination of nitrogen content of insect flowers. 


Percentage 

Sample. Nitrogen. of total 

nitrogen. 

Per cent. 
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The nitrogen in the fruit of 5 other samples of “open” flowers 
was also determined, with the following results: 


TABLE 48.—WNitrogen in fruit and flowers of insect flower planis. 


. Entire “open” 
Fruit. flower. 
Per cent. Per cent. 
1. 34 1.31 
1. 32 1. 22 
1. 34 1. 28 
1. 24 1. 25 
1. 26 1.25 
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From these results it is seen that the fruit from commercial sam- 
ples of ‘‘open’’ flowers contains about 90 per cent of the total nitrogen. 

Practical tests were made by E. W. Scott and W. S. Abbott, of 
the Bureau of Entomology, on roaches with the different parts of 
the finely-powdered flowers, to determine their relative insecticidal 
strength. The roaches were dipped in the powder until all parts 
of the body were covered with it, and then placed in 8-ounce bottles, 
one insect to a bottle, 10 insects being used in each test. All of the 
insects were allowed ventilation, but no food or water. The average 
of the 10 tests in each case is given in Table 49. 


TaBiE 49.—Insecticidal strength of finely-powdered parts of insect flowers. 
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Apparently the fruit and disc flowers of the Chrysanthemum cine- 
rarizfolium are the parts most active in paralyzing and killing roaches. 
These are the same parts that show the highest content of nitrogen, 
so that this element, although not actually a constituent of the active 
principle, appears to be present with it in a constant ratio, and hence 
can be used as a measure of the insecticidal activity. 

Summary of work on the active principle.—All of the common organic 
solvents completely remove the insecticidal principle from the flowers 
of the (@. cinerarixfolium. The insecticidal principle is not re- 
moved by a steam distillation, either in neutral, acid, or alkaline 
solution. It is insoluble in water and dilute acids, but dilute potas- 
sium hydroxid solution removes nearly all of the activity from the 
powdered flowers. It is shown conclusively that the active principle 
contains no nitrogen and is not an alkaloid. A considerable amount 
of resin is present in Pyrethrum, but this is inert when tested upon 
roaches. Alcoholic potash saponification completely destroys the in- | 
secticidal activity of the petroleum-ether extract, the ester being split 
up into acids and resinous materials. The results of the work imdi- 
cate that the insecticidal activity of Pyrethrum is due to a mixture of 
acids and esters. 
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SUMMARY. 


The fact that flowers of certain species of Pyrethrum possess the 
property of killmg various insects was known to the people of eastern 
EKurope more than a century ago. Since that time this knowledge has 
eradually spread, until insect powder is now a common household 
convenience. This powder owes its insecticidal activity to a mixture 
of acids and esters which first benumb and subsequently kill the in- 
sects brought into contact with it. While it is generally considered 
to be harmless to the higher animals, a number of cases where it has 
produced symptoms of a more or less serious nature are recorded. 

At present insect flowers are cultivated commercially in Dalmatia, 
Japan, Australia, Algeria, and California in the United States, the 
first three countries producing nearly all of the flowers that enter into 
international trade. The powder is made in each of these countries. 

In the enforcement of the Insecticide Act, insect powder has been 
found adulterated in a variety of ways. In some instances such sub- 
stances as lead chromate, curcuma, and yellow ocher are added to give 
color. Other species of flowers, like the Hungarian or oxeye daisy, 
are substituted in whole or in part for the true insect flower, while 


almond shells, brick dust, hellebore, pepper, sawdust, starch, sumac, _ 


and the like have been found less frequently in samples examined. 
The ground stems of the Pyrethrum plant, however, probably con- 
stitute over 95 per cent of the adulterants used in insect powder at 
this time. | 

Physiological, chemical, and microscopical methods which can be 
used satisfactorily in detecting adulteration with powdered stems 
have not as yet been perfected to such a degree as to make an accurate 
quantitative determination possible. However, from the data ob- 
tained in the examination of hundreds of samples of genuine insect 
powder, of the materials used for its sophistication, and of commercial 
samples, the results of which are reported in this bulletin, a formula, 
given on page 58, has been developed by which it is possible to deter- 
mine in an insect powder the approximate amount of added Pyre- 
thrum stems present. 
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GROWING INTEREST IN COMMUNITY BUILDINGS. 


Throughout the country there is a keen and widespread interest 
in community buildings, their activities, their accomplished results, 
and their possibilities. Their development is so recent and they are 
so essentially an outgrowth of rural life and conditions that knowledge 
regarding them necessarily has been fragmentary, in most cases 
limited to impressions gained from observation of a few isolated houses. 
The construction and acquisition of special buildings to serve as 
community centers is such an important result of social organizations 
in the rural sections and smaller towns of the United States that a 
comprehensive study of a number of representative buildings was 
deemed desirable by the Department of Agriculture. Accordingly 
a study has been made of 256 such buildings. Most of them are 
relatively new, 248 having been built since 1900, 201 since 1910, and 
90 since 1915. The accompanying diagram (fig. 1), based on the date 
of construction reported for the buildings studied, shows the increase 
in the number of community buildings from 1900 to 1918. The 


1 On July 1, 1919, the study of rural social organization, including rural community buildings, was 
transferred to the Office of Farm Management, and Mr. Thompson assumed charge of the Division of 
Cooperative Marketing. 
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figures are taken in each case fur the end of the year indicated. As- 
shown by the diagram, more than one-half of the buildings for which 
data are available were constructed between 1912 and 1916. 

Of the total number of buildings studied 201 are in places of 2,500 
inhabitants or less, 83 being in the open country, and 55 are in towns 
or small cities having a population of more than 2,500. Twenty-five 
are school community buildings and 29 are church community build- 
ings, 20 of the latter being in buildings separate from the church. 
Nine are farmers’ fraternal society buildings and eight are library and 
community buildings. 


1900 1902 1904 1906 1908 1910 1912 1914 1916 1918 


Fic. 1.—Increase in number of rural community buildings, 1900 to 1918, according to data obtained by 
the Bureau of Markets. 


COMMUNITY BUILDINGS CLASSIFIED ACCORDING TO SOURCE OF FUNDS 
FOR THEIR ESTABLISHMENT. 


The amount of money invested in these buildings varies according 
to the population and wealth of the community and the method of 
financing, and ranges from $2,000 in sparsely settled communities, 
where considerable amounts of labor and materials are often donated, 
to $50,000 in the small cities. 

Based on methods of financing, the buildings may, in a general way, 
be separated into the five following classes, although, on account of 
overlapping or combination of methods, the dividing line is not always 
distinct. 


RURAL COMMUNITY BUILDINGS. 3 


1. Buildings financed by a local manufacturing concern.—In a num- 
ber of communities social center buildings have been erected by a 
manufacturing concern, usually one which represents the predomi- 
nating industry of the community. Local assistance has been given 
in some cases, but usually the manufacturing concern has borne the 
whole expense, or practically the whole of it, having in mind the 
welfare of its employees and of the community on which it depends 
for support. These buildings are generally maintained and managed 
by a community organization formed for the purpose, and the title 
to the building is often turned over to this organization. 

2. Buildings financed through individual donations.—A considerable 
number of community buildings have been presented outright by 
individuals, some of these taking the form of memorial buildings. 
Other buildings have been financed partly by large individual dona- 
tions and partly with funds raised by the community in general. 
The donated buildings are usually turned over to an appropriate 
community organization, though some remain under the manage- 
ment of a self-perpetuating board of trustees. 

3. Buildings financed through club or society initiative—When build- 
ings have been financed through club or society initiative the major 
share of the financial burden has been assumed by a specialized 
organization, which has projected a building primarily for its own 
use, but available also for general social purposes. Such buildings 
have been erected through the efforts of athletic associations, women’s 
clubs, and other types of organizations. The building erected by a 
farmers’ club in a strictly rural community becomes automatically 
a building for the community as a whole, since the club membership 
often embraces practically the entire population of the community. 
The ownership and control of buildings in this class rests, as a rule, 
with the organization responsible for their construction, or with a 
special organization which has been formed to take care of the increas- 
ing activities centering in the building. 

4. Buildings financed by the local government.—The buildings in the 
fourth class are financed by county, town, or township governments, 
the funds for construction being obtained either through taxation or 
from the sale of bonds. Such buildings are usually maintained, at 
least in great part, through rentals and other revenues derived from 
the building itself. The title and control remain with the govern- 
mental unit originally responsible for the building.’ 

5. Buildings financed through community endeavor.—The most nu- 
merous group in the present classification comprises buildings con- 
structed or acquired by the community for community purposes. 
Money is usually secured either by the sale of stock in a community 
organization or through the solicitation of general contributions. 
Both of these methods are often supplemented by the giving of enter- 
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tainments of various kinds, the proceeds of which go into the con- 
struction fund; and a part of the amount required to pay the cost of 
construction is often borrowed on the security of the building itself, 
to be repaid later with money derived from dues, assessments, or 
rentals. Contributions of labor or materials, as well as of cash, are 
often received. Where funds are secured through the sale of stock, 
the incorporated stock company of course owns or controls the build- 
ing; and where funds are secured through general contributions the 
ownership and control rest with a permanent community organization 
formed for the purpose. 


GENERAL CHARACTER OF THE BUILDING. 


The simplest of these buildings, often found in the open country, 
generally contain, first, an auditorium, the movable seats of which 
permit it to be transformed into a dining room, an athletic room, or 
a hall for dancing; second, a stage, with curtains and dressing rooms 
for theatricals; third, a kitchen, equipped with stove, utensils, dishes, 
and cutlery. Often the assembly room is on the first floor and the 
kitchen and a separate dining room in the basement. Farmers’ 
buildings frequently contain special rooms for the use of cooperative 
economic enterprises. 

In the smaller towns, besides these rooms there are often a library 

and reading room, a game room, a women’s rest room, and rooms 
which serve as meeting places for various organizations. 
In the county seats and larger towns the buildings are often 
quite complete, having besides the usual rooms an office room, 
special rooms for banquets, a café, a gymnasium, billiard and 
bowling rooms, an agricultural exhibit room, and rooms for the 
county agricultural agent, the county home demonstration agent, 
the visiting nurse, and the secretary of the commercial club. Com- 
munity buildings provided by town or county government also con- 
tain rooms for the different officials, the post office, and sometimes a 
social room for the fire department. 

Equipment in these buildings varies from the plain chairs and 
tables, stove, cooking utensils and dishes, and organ of the simpler 
structures, to the fine furniture, opera chairs, stage scenery, gym- 
nastic, bowling, billiard, athletic and game-room apparatus, books 
and magazines, piano, moving-picture machine, and first-aid facili- — 
ties of the finer ones. Those in the open country are generally 
heated by stoves, lighted by oil or gas lamps, procure water from 
their own pumps, and have outside toilets, while those in the towns 
have furnace heat, electric hghts, running water, inside toilets, and 
hot and cold baths. . 

. The sites in both town and country range from a size little larger 
than the building to one of several acres. Those with the larger 
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sites are often provided with baseball diamonds, tennis, volley-ball 
and basket-ball courts, tracks, and athletic fields, and equipped with 
playground apparatus. Many buildings, both in town and country, 
have horse sheds or garages on the premises. 


MAINTENANCE. 


In ease of the simpler buildings, maintenance expenses range, in 
general, from 5 per cent to 10 per cent of the initial cost of the plant, 
the expenditures of the less expensive being chiefly for light and heat, 
while to these are added, in case of those involving larger maintenance 
expenses, water rent, telephone, and similar expenses, and salaries 
for secretaries or physical director, caretaker, and librarian. 

Funds for maintenance are secured through dues, fees, assessments, 
rentals, receipts from entertainments, dances, moving pictures, 
bowling and billiards, and, in case of publicly constructed buildings, 
by money voted from the public treasury. 


OPERATION AND MANAGEMENT. 
* 


The persons owning stock in community buildings generally 
organize and constitute themselves a community building associa- 
tion. They frequently take out articles of incorporation giving them 
power to buy land, borrow money, and erect and control such build- 
ings. Nonstockholders using the building are associated as social 
members, both classes paying dues. The stockholders, and in some 
instances the social members, elect a board of trustees of from three 
to nine members, who control and manage the building. Either the 
same body or the board itself elects the usual officers, such as presi- 
dent, vice president, secretary, and treasurer. Committees with 
various duties are either appointed or elected. Immediate duties of 
management are often delegated to a house secretary, physical 
director, or caretaker. In a few instances, in cases of buildings 
presented by an individual or an industrial concern, control is placed 
in a select board, nominated by the donor, and possessing power to 
appoint its successors. Township and city buildings are managed 
by the:usual public officials. 


* 


USES TO WHICH BUILDINGS ARE PUT. 


These buildings have become the centers of their communities for 
recreational, gymnastic, athletic, social, and welfare work, and often 
for political, cooperative business, and religious work. The following 
list indicates the more important of the specific uses of buildings. 

Economic: Canning demonstrations, boys’ and girls’ club work, 

domestic science, agricultural society meetings, fairs, cafés, 
cafeterias, farmers’ institutes, and cooperative purchasing and 
marketing activities. 
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Educational and recreational: Lectures, moving pictures,- night 
schools, entertainments, billiards, pool, bowling, table games, 
reading room, and library. 

Social: Dancing, banquets, suppers, club meetings, socials, and 
parties. 

Athletic: Baseball, basket ball, and tennis. 

Political: Political meetings and elections. 

Hygienic: Nursery, welfare work, and rest rooms. 

Religious: Union church work. 

Gymnastic: Activities of the gymnasium. 

In addition to the organizations already mentioned as using the 
buildings, the following were also found: Parent-teacher association, 
commerce club, board of trade, women’s club, county agricultural 
society, town board, Daughters of the American Revolution, Young 
Men’s Christian Association, Young Women’s Christian Association, 
Woman’s Christian Temperance Union, Grange, Farmers’ Educa- 
tional and Cooperative Union of. America, Society of Equity, choral 
society, athletic association, various fraternal organizations, Farmers’ 
League, art club, driving association, hospital corps, Young People’s 
Christian Association, industrial club, dairy association, civic associa- 
tion, fire department, poultry association, men’s club, relief society, 
ladies’ aid society, Young People’s Society of Christian Endeavor, 


Sunday school, cooperative marketing association, and county — 


medical society. 
SPECIFIC EXAMPLES OF COMMUNITY BUILDINGS. 


In the following pages are presented brief statements relative to 
the origin, purpose, and present use of typical community buildings. 
These buildings have been chosen with a view to showing examples of 
community buildings constructed or acquired under a variety of con- 
ditions and serving different types of communities. It is believed 
that the concrete story of how some one community actually secured 
and used a community building will often prove more suggestive to 
other communities interested in the question than any statement 
in the form of a composite summary or tabulation of the results of the 
investigation of many buildings. 


THE COMMUNITY HOUSE, HOLDEN, MASS. 


The community house of Holden, Mass., together with the organ- 
zation connected with it, is an example of the revival of civic pride, 
public spirit, and true neighborliness in a small but very old New 
England rural community. Among the immediate causes con- 
tributing to the enterprise were, first, a developng movement toward 
expansion along social lines, as indicated by the organization of 
several societies with various social objects but with no adequate 
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meeting place; and second, the fact that an important piece of 
private property, which in times past had been a tavern of low 
repute, was about to be converted again into a cheap lodging house, 
The property in question was a fine old three-story colonial mansion, 
built on land formerly the property of John Hancock, in the heart of 
the town adjacent to the town hall, the library, and the principal 
church, 

In May, 1914, a group of local leaders, including representatives of 
the Congregational Men’s Club, the Baptist Men’s Club, the Village 
Improvement Association, the Daughters of the American Revolu- 
tion, the Boy Scouts, the Tuesday Afternoon Club, and the Fifteen 
Club, met and formed a temporary organization ander the name of the 
elton Community House aceinnigm 

They issued a circular which gave the object of the association; 
recited the fact that the Boy Scouts, the Camp Fire Girls, and the 
Grand Army of the Republic were in immediate need of a meeting 
place; gave the detailed plan, with items of expense, for the purchase 
and reconstruction of the old mansion as a community house; stated 
the amount of money which would be needed and the proposed 
method of raising it; and closed with a megest for immediate subscrip- 
tions for shares of stock. 

After the initial work was accomplished, the temporary organiza- 
tion developed into a corporation chartered under the laws of Massa- 
chusetts as a real estate handling corporation ‘‘ to acquire, hold, man- 
age, develop, improve, lease, mortgage, buy, or sell real estate.” 

The specific aim of the people who sponsored this building was to 
provide a house which, without particular consideration for class, 
party, or creed, would serve community needs and provide— 

1. An assembly place for the various social organizations of the 
community. A count made at the initial meeting showed 22 organi- 
zations which might be expected to use the building. 

2. A place where the people might gather for recreation through 
games, reading, banquets, and other forms of social relaxation. 

The cost of the building was as follows: 


Three-fourths acre site and building, including furniture. ...... $3,500 
SHICtOMOUt DUR dines TOR... cae lscis «cls sis see nse te cies os «ik oes 500 
Ouilagattersales of outbuildines:..-. sg.gen- 2- ces 25: =< 3, 000 
Renovations, consisting of new floors, decorating, painting, etc., 
electric light, and steam heat installations, and lavatories...... 2,000 
FRatalecost sere eanceye oS ois wis Rod Le ns oo. eee 5, 000 


Since the purchase of the building a piano has been bought for $225, 
while various gifts of furniture have been received. 

The house is of brick, three stories in height, and of colonial type of 
architecture. It is painted a colonial buff on the outside, with white 
trimmings. Care was taken during repairs to retain the fireplaces in 
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alltherooms. Other colonialfeatures are the Dutch oven, old window 
casings with green shutters, a wide veranda across the front, and 
cupola on the top. The stairways are in the center of the house, 


_ ascending from halls which extend the length of the building. 


On the third floor are five living rooms, occupied by the family of 
the caretaker. 

On the second floor are found a reading room, 16 by 18 feet, on the 
left front, containing 3 card tables, a reading table, 2 large leather- ~ 
covered easy chairs, 8 leather-bottomed straight chairs, 4 straight 


_ wooden chairs, a large center rug, and 5 wall pictures; a pool room, 


at the right front, 18 by 28 feet, containing 2 pool tables with racks, 
and a half dozen folding chairs; a Boy Scouts room, 16 by 18 feet, at 
the rear of the reading room, containing various games, a bookcase, 
a shelf closet, 25 folding chairs belonging to the scouts, and wall 
pictures; a iiichens 16 by 18 feet, at the rear of the pool room, with a 
dumb waiter eeundine to the lomee floor and with utensils an dishes 
sufficient to serve 170 people, also 2 dish closets, sinks, wash tables, 
drawers, etc., a large cookstove, together with 2 al stoves and center 
tables which are the property of the village school. 

On the first floor.are the following rooms: On one side of the cen- 
tral hall, an assembly room, 20 by 39 feet, with a seating capacity of 
100, with a hardwood dancing floor, furnished with 50 folding chairs, a 
piano, 2. wicker tables, a large clock, and 2 large wall pictures; a 
public reading room across the hall from the assembly room, stocked 
with papers and magazines and furnished with a large table, a dozen 
arm chairs, a wicker chair, and a large rug; 2 dressing rooms at the 
rear of the assembly room; and a tea room at the rear of the reading 
room, which accommodates 50 people. 

The basement contains a large storeroom and the furnace room. 

Funds for the acquisition of the building were obtained as follows: 


From sale of 532 shares of nonassessable stock to 131 holders at $5 


perishare st tics. 30. ea... 5 UDO Oe $2, 660 
Individual loan iss 22s 224.1) sek eee 1, 550 
Totaly. = - Ge Weim ee 3 hee a 4,210 


A floating indebtedness of $500 was covered by a further sale of 
one share of stock to each holder. ; 

Five hundred dollars also has since been paid on the loan. 

The janitor for his services receives the third floor, rent free, for 
living rooms, and free electricity, heat, and water, the latter items 
amounting to about $25 per year. Other expenses are as follows: 


Coal persyear haere... sch eee SEE Oot Pe $200 
Blectricity per yeate.i<< =... ¢-. a4 Heer. Fees eee ee eee p40 
Waxes Mei Vea See kere... : Se ee ei ge | 77 
Miscellameousc.224 002... 2-- ss.» - ne Sept: Gea: o> a 78 
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Fic. 3.—Holden (Mass.) community house, public reading room. 
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It is hoped that a further sale of stock will make it possible to house 
all eget ace free, but at present expenses are met by nominal 
rentals. 

Formerly it was necessary to give oir iniionecs to provide money 
in addition to the receipts from rentals, to meet expenses. Now the 
rentals approximately meet expenses as follows: 


Boy Scouts: Perwyeat-oe 2.2... vse. Son a eee $60 
-Municipal school, kitchen for domestic science...........-------- 50 

Town club, rental of reading room and pool room, heated, lighted, 
and:cared for, per year. ....-.- i622) -ee 2 eee eee eee 260 
Miscellaneous rentals; per year... 052)... -2 a ee eee eee 55 
aU Lotall..iecaecete et sess e-. .Be i eie eee Se e 425 


The assembly room, tea room, and kitchen are rentéd to outside 
parties for $5.50 per night, to local parties for $3 per night. 

The Daughters of the American Revolution and the Woman’s Club 
pay a stated rental per meeting. 

The building is owned by the Holden Community House Associa- 
tion, incorporated for 50 years, with capital stock of $10,000, and 
empowered to issue stock at $5 per share. The officers of the corpora- 
tion are a board of directors consisting of 9 stockhoiders, including a 
president, a clerk, and a treasurer, all of whom except the president 
are chosen by baliot annually by the corporation. One of the board 
is chosen president by the directors. The management of the prop- 
erty and business of the corporation is in the hands of the board of 
directors. The caretaker is approved by the board, which also 
appoints'a house committee of three members, and may appoint other 
committees. 

As a result of having an adequate meeting place, the Town Club, 
a men’s organization with 65 members, was formed, with social, rec- 
reational, and civic aims. It rents annually several rooms. Like- 
wise the two women’s literary clubs united and formed one organi- 
zation of 84 charter members which meets in the community house. 
A community orchestra has also been organized and meets for prac- 
tice in the building. 

Other organizations which meet there regularly are the Daughters 
of the American Revolution, the Boy Scouts, ue Red Cross, and the 
Equal Franchise League. 

As the high school did not have the proper facilities, there was no 
course in cooking. Now such a course has been added to the cur- 
riculum, and the school board rents the kitchen in the community 
house for the cooking class at a nominal expense. Every girl in the 
high school who is eligible to this course has elected to take it. 

Private parties, dances, luncheons, card parties, illustrated lectures, 
and entertainment courses are frequently given in this building. 


et SS eT ele ne ee ae eer ee ee 
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Under the management of the directors a series of high-class enter- 
tainments at low cost has been given. Folk dances and lawn parties 
have been featured. Officials say the building stimulates idealism, 
fosters local pride, and prevents deterioration of town morals. 


THE MATINECOCK NEIGHBORHOOD HOUSE, LOCUST VALLEY, LONG ISLAND. 


About eight years ago a boy came to the secretary of the Matine- 
cock Neighborhood Association and asked him to start a boys’ club, 
saying that there was no place for the boys to go for a good time 
except to the saloons or to the neighboring town with its questionable 
amusements. The secretary, who had but recently arrived, made a 
survey of the situation. He found that through economic changes, 
farming was gradually being given up and the section was becoming 
a residential one. The population was shifting, and neighborhood 
spirit and community recreation were at a low ebb. 

He found also that there was in the village a private unsupervised 
young men’s athletic club which met in a blacksmith’s shop. Beinga 
man of vision, he determined to make this club a nucleus of a general 
system of supervised recreation for the village with a community 
house as a center. 

He persuaded the athletic club to sign a petition for the Neighbor- 
hood Association to take them in as members on payment of the regu- 
lar dues, $1 per year, and then to commission them as a secant on 
department to furnish recreation for the whole community. The 
association complied and appointed an executive committee, com- 
posed of two of its directors and five young men, to have charge of the 
arrangements. ‘Twenty-nine boys were appointed on committees in 
order to give them a share in the constructive work. 

Temporary quarters were secured in an old barn, which was fitted 
up through general contributions, including a graphophone, a piano, 
a pool table, stoves, dishes, an indoor baseball outfit, $137 in cash, 
and subscriptions for many magazines. Boy Scouts and a band 
were soon organized, and other organizations were formed. 

As a result, it was soon found that 148 young men were governing 
themselves, financing their own enterprise through various enter- 
tainments, and providing social opportunities and athletics for their 
- fathers, mothers, brothers, and sisters. At the same time they were 
members of the Neighborhood Association, vey votes on all ques- 
tions pertaining to it. 

The barn soon became too small for these various activities. This 
brought to the front a question which had been under consideration 
for some time, the erection of a community building. It was finally 
decided that a building should be erected which would be the head- 
_ quarters: of the Neighborhood Association, with its membership of 
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300 men and women, representing 235 families, together with its 
boys’ recreation department, and also be a general social center. 

The keynote of the enterprise was struck by the president of the 
Neighborhood Association at the time the plans were presented to the 
association, when he said: 


It is not an easy matter to plan out this building enterprise because it has got to 
represent everyone in the village and be an expression of all the people. We could no 
doubt-get a single individual or a group of individuals to put it up for us, but that is 
not the sort of thing we are after. When we go into this interesting edifice it will be a 
success only if we feel that each of us has had a hand in making it and each of us will 
have a hand in keeping it a thing of life, radiating friendliness and pleasure. 


The completed building, together with the land, represents an out- 
lay of $32,000. The community nature of the work was continued 
in the raising of funds and the method of construction, as tuckearted 
in the following summary: 


Site of 2 acres donated by five members. .........-------------- $3, 200 
Voluntary laberioi 10 members 22 2-2 25 eee eee ee 1, 500 
Bequest to thevassociation:.< 2...’ 52580: See eee ee 2, 000 

Voluntary contributions from 90 per cent of the families in the 
village. . BE SU Ror Bee eee Dees Aes EE a Vln Sk eee ie) 26, 300 
Po tall sns.cis eae eee tees Sin ahead ces Se ae 32, 000 


The work was put in charge of a local manager who received only 
his expenses for-the work. Subcommittees were appointed to have 
charge of excavating, masonry, plans, carpentry work, painting, 
grounds, purchasing, plumbing, and finance. All work was done by 
local citizens. 

The building is situated on a rise of ground in a grove oi trees 
and comprises one story and a basement. The auditorium can be 
made to seat 500 people and was especially designed for motion- 
picture exhibitions, for dances, and for basket ball. There are also 
a social room for pool, cards, and other games, which is used for a 
general informal meeting room, a committee room, two rooms for 
the caretaker, two coat rooms, five baths, toilets, four bowling 
alleys, and heater and storage rooms. In the building also is a 
room for the volunteer fire department and its apparatus, since the 
department at its own request has been made an adjunct of the 
association. The building is a library substation, and among the 
furnishings are a player piano, stoves, kitchen utensils, and billiard 
tables. 

The house is entirely self-supporting through the earnings of 
the recreation department, the receipts from motion-picture shows, 
entertainments, dances, card parties, pool tables, bowling alleys, 
basket-ball games, and the rental of the auditorium for lectures and 
concerts. 

An average of 800 people use the building weekly. 
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The following is a statement of receipts and expenditures for the 
year ending May 25, 1916, which has been selected as a representa- 
tive year: 


Receipts and expenditures of the Matinecock Neighborhood House, year ending May 25,1916. 


RECEIPTS. 
OAL CPs Sars ois chce ays s-c, ciabais SRP “ie se ladetotraely sas o's $693. 15 
1 AUTOR] OA CUTL RS Ne SDI ee 1, 791. 65 
Sine PAuiles awn CACO. 2 <=)... 2. MEE = into ao oe a = 2 sci 217. 50 
ILC UN OU GINSSOS ete = Sis ot oc AME Nive ae oe ne bce, ches 138. 43 
Emtertarnments and lectures: ... .. 32a) 222.222 e288 eee 59. 60 
THGUREY ES 2 Be or) Ocak a PRE 8 AE 26. 05 
VECO Le tole ARS RMR SEE AEE TPE SPREE = 2 5 Pests em ee ae 65. 50 
AGA CEG Rta OS rete es, io wes es (epee se et oboe fee 197. 30 
Muccellaneousrecelptse. = 32. =! 2. Seeee ee oe ee ole 10. 16 
emia OmaOlLOCUIMns..): See 5.. eee ees RS ks lee aaa 87. 50 
mental aire department room . -).|)eeess252222.5-2.-- 222-2 252. 00 
LUGE CP NOTI ie, Sa Si ei saan 2 Cas a eRe a 153. 44 
Diese sent ieee at ae Dog Salt | ye SO Sale 341. 60 
otalitecerpisn ss ose osc = Meee fk se eee co 4, 039. 18 
EXPENDITURES. 
bow lmeua lew isemee te metere Ne 5-20. Game SE 2 societies 467. 21 
Mio tonepichutes sawyer eer: 2 Vein ns 2. alee os bee 1, 077. 43 
Garde parilestamd dances: 2m. te see 2 io 125. 38 
NACI OUClAssesMer Sop eta Na eterno ak. be 5 Nee eee 53. 50 
Bntertamments.and lecturege 2.2.2 2a Pe A ee 40. 00 
SRETHMES eee ctee ca ie IU Se <2 +n. cee CL SN a ee 16. 00 
LEGG ese 5 sr Ie, a REO . 81 
PL AG CORS UA Clrelaeemrsliis ae os oe ~~ Re creo Wye 154. 16 
Miscellaneous expensess 2: 202... -. 2 Ses. as oo See eteee secs 45. 63 
INCOR UAB Le ee re, Se kann ee eee ee AA 43.19 
SGU Sya ey als 3 Oe Se ee eR 2 Oe eee rae 131. 66 
QS (GhGel S 2a USCS eee een See, oe arn YA ASI ere Ee 176. 90 
Raion ieee mene ec 20h >... Bape 2 ee ta 188. 75 
JMECUIGIRS 3.5 flac CCE eS SUES a eel ae hey a 4, 24 
SMPORUMUCTCOnG sey a, ra 3a =.= - Ieee veers eaters acre ea 855. 00 
\ SHOUTING Bi cia te OOS ES ete eee Sts onc EES MESS Sass 126. 00 
VB UIEL je sic he ROR ©, 3 ie ps a aa 269. 51 
JPG ORS) 5 rei: Src See A Aa Rn 2c cn. eee Ree 9. 75 
TEDSSGS. Ss Ss ee RR oe Oc Ste a 91. 32 
Newspapers andimagazimes. .. -..5 5 2semee- oot eee steele aes 2. 50 
Motalexpendttuteses. <2 eres tee css See 3, 878. 92 
ipalanee Ya ectae ocsateie oe S = BHES kc ocd Sas UopeSuReeeeES ae 160. 26 


The building is the property of the association, which was organ- 
ized ‘‘to promote the welfare of the residents of Locust Valley, 
Nassau County, N. Y., and the adjacent neighborhoods, in such man- 
ner as may be thought advisable, especially in relation to roads, 
water supply and lighting, drainage and general improvements, 
transportation, taxes, and such other matters as may be brought 
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before the association.’”’ It will thus be seen that the association 
was not organized primarily to erect the building, but that the build- 
ing was one of the results of the work of the association in pursuance 
of its general object. 

The secretary of the association has an office in the building, and 
the various activities of the association are directed from this office. 
The house is managed by the house committee, each member of 
which is in charge of one department of the work: Women’s depart- 
ment, tennis court and grounds, masonry repairs, carpentry repairs, 
accounts, bowling alleys, and entertainments. The activities of the 
building are under the general charge of the secretary of the asso- 


Fig. 4.—Matinecock neighborhood house, Locust Valley, Long Island, New York. 


ciation, while there is also a superintendent in direct charge of the 
Pailin and grounds. 

Among the activities connected with the building are the following: 

Lectures, concerts, entertainments, and amateur dramatic perform- 
ances occur frequently. 

Weekly dancing classes are held for members and there are fre- 
quent private dances. 

The bowling alleys have been in continued use, and successful tourna- 
ments have been held, each one including from 28 to 30 men and lasting 
three or four weeks. The women’s bowling club meets weekly. 

The billiard and game rooms are popular with the members. 

Card parties are given frequently. 


Fig. 6. 
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—Matinecock neighborhood house, Locust Valley, Long Island, New York, circus parade, 
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Tennis tournaments are featured. 

The women’s department holds frequent sales of embroidery and 
other forms of needlework made by the women. 

The library and reading rooms are much used. 

Motion-picture shows are conducted every Wednesday and Satur- 
day evening under the auspices of the association. Efforts are made 
to exhibit only the best pictures. . 

The house is in constant demand for farmers’ meetings, school 
entertainments, private parties, dances, and suppers, and for use 
by church clubs. 


COMMUNITY BUILDING, ELGIN, NEBR. 


On January 1, 1917, the citizens of the little village of Elgin, Nebr., 
and the surrounding country met to celebrate the consummation of 
their united efforts; to dedicate, in this town of less than 1,000 
inhabitants, a new community building, a civic achievement well 
worthy of their pride. 

The building grew out of the fact that the town band was about to 
dissolve. A civic meeting was called, other civic needs becanie 
apparent, attention was centered on them by local leaders of enthu- 
siasm and vision, community spirit was aroused, a club was deemed 
necessary as a working instrument, and the building was projected 
as a home for the club.. The general purpose of the building was 
to serve as ‘‘a clearing house for all social activities.”” With this m 
view the opera house was bought in 1916, reconstructed, and dedicated 
as the social center of the town and vicinity. Among the specific 
objects of the building were the following: 

1. A home for the community club. 

2. Provision for rest and recreation facilities for town and country 
people. 

3. A general meeting place for local organizations, public and 
private. 

4, A place for lectures, entertainments, etc. 

5. Development of civic pride and local citizenship through an 
open forum. 

6. A public reading room and library. 

7. Development of the spirit of the community through encourage- 
ment of bands, choruses, sings, ete. 

8. To give representative citizens control of the amusement enter- 
prises of the community. 

9. To unite town and country forces for the welfare of both. 

The cost of the building may be summarized as follows: 


Original purchase of real estate and opera house. ...--------- $10, 515. 00 
Original purchase ‘of furniture... 229-52, 2n-) eeeee 735. 00 
Dotaltorigmalicost.:).-. 02268: se eee eee 11, 250. 00 


Cost of reconstruction, additional furniture and equipment. 12, 851. 46 


Wotall costemassaer = 3\-/-.- Be i eee Rice mUme a col ' 24,101. 46 
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Fic. 8.—Community building, Elgin, Nebr., reading room, 
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A stock company was formed which issued stock to the value of 
$25,000, at $100 per share, with the proviso that work could not be 
commenced until $7,500 had been subscribed. There were 31 stock- 
holders, owning from $100 to $1,050 each, with an average of event 
$300. Eleven “yioelene ens are farmers. 

Stock to the amount of $11,000 had been paid for and certificates 
issued at the time of dedication. 

A.subscription of $200 had been partially paid, and $13,800 in 
stock remained unsold. | 

There was a mortgage on the building amounting to $7,500, and 
floating debts in process of settlement amounting to $2,707.60, 
making a total debt of $10,207.66. ) 

The building is maintained through— 

1, Membership fees. These are, per year, family, $15; man, $12 
woman, $2; boy, $5; nonresident, $5. 

.2, Admissions for sihemianeccs and moving pictures. 

3. Game fees. Bowling is 10 cents per game and billiards 40 cents 
per hour. . 

4, Rentals. 

The following statement shows receipts and expenditures for the 
five months ending May 31, 1917: 


Balanceon hand January dil Oils aes ee ee eee $511. 33 
Receipts: 
Motionspileturesteeecec). . 5. 23 aes eee $1, 333. 05 
Memibershiptieess. 222 9. -. 4.) 1S eee 492. 35 
Rents: S:scsseeneee te =e oe pe ae epee 107. 00 
Entertainments: <2... 2.) .... 2 eee 208. 25 
Gamnmes! aera eo. da ee te 459. 70 
Miscellaneous ss. tok eee eee 12.5 
2, 618. 35 
Totalee 2.6L. SOR 3, 124. 68 
Expenditures: 
Motion: pictures. 2.0.2... -..'. oe oo eee $854. 82 
Salaries, labor ‘ete... 0200). geseeee e eee 777. 04 
Fuel, light, miscellaneous........---.--------- 529. 54 
Hntertainmentses. 2.2...) see ee 269. 59 
Interestah eee eos sss). 2 eee eee 450. 00 
insurance ose 2: 22/2. eee eee 133. 40 
WAX€S Cte eee cs ss 3 5 eee eee 45 
3, 059. 81 
Balanceyonsmand Jume iy AQ ij ies eerie eee 64. 87 


The community club consists of a double organization: First, a 
central holding company, incorporated, with a board of seven 
directors, elected annually by the stockholders, who are responsible © 
to the State for their management of the organization. This is the 
stock company. They elect the usual officers. Second, the social 
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organization, working around the corporation as a nucleus, having 
the same name and managed by the same officials, but having also 
a commissioner who looks after the comfort and welfare of the club 
members, operates the motion pictures, and conducts the general 
business of the club. There are 101 members, 42 being farmers. 

It is arranged that the members of the village board of trustees, 
the pastors of the various churches, the superintendent of public 
education, and the village marshal, provided they maintain member- 
ship in the club, shall constitute an advisory board which may meet 
from time to time with the board of directors, to consider the various 
interests of the community. . 

The building is of brick, 40 by 80 feet, with two stories and base- 
ment. It is heated by steam, lighted by electricity, and has ruaning 
hot and cold water. 

On the first floor is an auditorium and moving picture room, 40 
by 40 feet, containing 240 opera chairs and 60 movable chairs. At 
the front of the auditorium is a stage 15 by 40 feet, with a proscenium 
opening 14 by 21 feet, a roller curtain, and eight flies. There is also 
a women’s rest room for members and all country women, furnished 
with tables, chairs, cribs, lounges, and toilet and lavatory facilities; 
a main lobby; the commissioner’s office, which is also the box office; 
and a moving-picture booth of fireproof construction. 

On the second floor are a reading and social room, a directors’ 
room, a banquet hall with orchestra stage, also used as a gymnasium; 
a kitchen with complete equipment, a dining room and equipment, a 
dressing room, a lavatory, and baths. In the banquet room are 60 
chairs and 8 folding tables. 

In the basement are two bowling alleys, three billiard tables, a 
toilet room, and a furnace room. 

The following organizations use the building: The Red Cross, the 
Boy Scouts, the Home Guards, the war loan committee, the Chau- 
tauqua company, the band, the Grand Army of the Republic, the 
fire department, the village board, the board of education, the ladies’ 
club, the farmers’ club, the farm bureau, private clubs, and the town 
library. 

In addition to the activities connected with these organizations are 
the following: Lecture courses; weekly community club banquets, fol- 
lowed by business meetings; gymnasium work; recreation; games; 
“moving pictures and traveling theatricals, contracted for and cen- 
sored by the directors; local plays, musical entertainments, and 
recitals; a community Christmas tree; community celebrations of 
July 4 and Memorial Day; festivals; school exercises; private and 
club dances; conventions; receptions for visitors; and patriotic 
meetings. : 
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RED RIVER FARMERS’ CLUB HALL, KITTSON COUNTY, MINN. 


Far up in the northwest corner of Minnesota, near the Canadian 
line, and off the railway, is a community which was established by 
farmers who, in the early days, came to this virgin country to pioneer 
a home in the wilderness. Poor in this world’s goods, but of sturdy 
stock and ambitious for the future, for a generation their one 
aim was to overcome the obstacles confronting pioneer life on the 


prairie and build up homes for themselves and their children. The 


scene is now changed. The wild prairies of the fathers have be- 
come the fertile fields of the children, who, relieved of the stern neces- 
sities of mere bodily existence, find time for the higher aspirations 
of life. Asa symbol of the new order they have erected their commu- 
nity club house. 


Fig. 9.—Red River Farmers’ Club hall, Kittson County, Minn. 


The Red River Farmers’ Club, in Red River Township, was organ- 
ized in 1914. Located in a purely agricultural community, its mem- 
bers are entirely farmer families. Nearly every man and woman in 
the community is an active contributing member. The club met for 
a while in a schoolhouse, but as the spirit of cooperation grew the 
desire for a more adequate meeting place increased. A special meet- 
ing to consider the possibilities of a community hall was held in the 
fall of 1916. Committees on plans, finances, etc., were then appointed, 
and the work began. 

The club house aims to provide not only a place where the reas 
club may initiate propaganda for better farms, schools, and homes, 
but, as a member expressed it, ‘‘a real little country theater, one in 
which plain, common, everyday farm folks may display their musical 
and dramatic talents.” 
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The cost of the building was $2,000 and of the equipment $500, 
making a total of $2,500. 

The hall is a one-story wooden structure, 28 by 60 feet, with a 
stage 12 by 20 feet, and a rest room and a kitchen at the other end of 
the building. Both interior and exterior are painted in pleasing 
colors, and there are front and side doors. Theater chairs are used 
for seating, and the floors are of hard wood. There is a piano in the 
building. The hall is lighted by gas lamps. 

Funds for the construction of the building were obtained as fol- 
lows: 


undsmirtnerclubitiressury 22.0.2... SES oe eee 22 OS $175 
Receipts from voluntary contributions. ..........-----.-------- 1, 050 
SC erp IAAT OIIN PA CUICS 5. fa): ava a Listes == REO gett ra iio vanyelS = big eiererne 420 
PRCUCU EA TR ORMISOGIA tetera aac) Sac es5- eee c ease is/e\e tae aGinie ce 205 
Wauretomlabor contributed: 2... Same asses nes cse2 sees d- dias 650 

a Ghfeu eek eS ena a eeaye o's. 5 «j= x's «2 SEE < oye wisi sis = S Some 2, 500 


The principal items of maintenance are for light and heat. These 
are being met by membership fees, monthly luncheons, socials, picnics, 
and amateur theatricals. As considerable money for the building 
fund was raised by these methods, it is felt that the maintenance 
problem is solved. 

The title to the building is vested in the farmers’ club, which in- 
cludes in its membership practically every family in the community. 
The club annually elects five directors, who control and manage the 
hall. 

While the hali has been in existence but a short time, the fre- 
quency of its use and the large numbers which avail themselves of its - 
privileges attest its value. Club meetings, with programs, are held 
twice amonth. Atalternate meetings pay luncheons areserved. Fre- 
quent picnics are given at which refreshments or luncheons are sold. 
Socials and entertainments of various kinds are featured, not the 
least interesting being the plays managed, staged, and acted by the 
people of the neighborhood in ‘‘the little country theater.”’ 

The farmers, through the club, are enabled to cooperate in buying 
certain supplies and in selling certain farm products, and to make 
other advantageous business arrangements. 

In general, the primary advantage which this building has brought 
to the community is that it has furnished an adequate and convenient 
place, specific in purpose, where all, through ownership, feel freedom 
of use, and where the social and civic ideals of the community can 
find expression. In addition it has made possible the centering of 
the interests of the community in a club which, as a compact medium 
of expression and authority, has tended to unite rural and urban 
interests. | 
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TAMALPAIS CENTRE BUILDING, KENTFIELD, CALIF. 


At the foot of beautiful Mount Tamalpais, in the town of Kent- 
field, one of a group of small rural communities in Marin County, 
the Tamalpais Centre Building was made possible in 1909 through 
gifts of money from one or two progressive citizens. 

The trustees stated its aim as follows: ‘‘It must be a center of 
neighborliness wherein all of us, working together, may more fully 
enjoy the life granted each of us. It is destined to mean opportunity 
for rest, recreation, and instruction to men, women, and children.”’ 

The particular purposes of the building were stated to be: (1) A 
meeting place for various clubs; (2) a home for the women’s organi- 
zations; (3) a general meeting place for entertainments, lectures, etc. ; 
(4) a playground for the children; (5) an athletic field for men and 


Fic. 10.—Tamalpais center building, Kentfield, Calif. 


boys; (6) a place for classes in gymnastics and dancing for girls and 
boys; (7) a place where suppers and banquets might be served. 

The cost of the building and equipment, exclusive of the site, was 
as follows: 


Building, including light, heat, and water................--.-- $25, 000 


Murnishings 22 eee see... 1, 850 
Playcround equapmenta: . ...... 20335 t a Shea 1, 000 
Draming and filling invert site. ... .tce23-sas4-2 42> ee eee eee 10, 000 

Tota ees Ie... Lae ee 37, 850 


The building and grounds occupy a beautiful site of 29 acres 
among the wooded foothills of Mount Tamalpais. The grounds 
have been drained and graded and laid out for various athletic and 
outdoor activities. There are a half-mile race track, baseball and 
basket-ball grounds, tennis courts, and a running track. 

The building, of stone and concrete, is of the mission style of archi- 
tecture, 100 feet square. Around three sides is an arcade 12 feet 
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wide, beautifully arched. The building contains the following 
rooms: 

1. An auditorium 45 by 50 feet, comprising two wings, with 
movable doors. This contains 400 movable opera chairs and a 
piano. At the front is a stage 18 by 30 feet, with two sets of scenery, 
8 flies, moving-picture curtain, one front and one rear curtain, with 
24 electric lights above and 48 footlights. 

2. A kitchen 14 by 24 feet, containing coal and gas ranges, four 
cupboards, and kitchen and table equipment sufficient to feed 130 
people at one time. 

3. A women’s dressing room, with fireplace and couch. 

4. A men’s dressing room. 

5. Four toilets. 

6. An office 12 by 13 feet, containing a stove, tables, desks, 90 feet 
of bookshelves with encyclopedias, historical works, etc., and a safe. 

7. A balcony in the rear of the auditorium seats 30 people and 
contains a moving-picture booth with a picture machine, the prop- 
erty of the public schools. In the arcades are 30 rustic chairs. 

The site of 29 acres and the building, including light, heat, and 
water installations and furnishings to the value of $1,000, were 
presented to the public by a local resident. Her son furnished funds 
for the ground reclamation. Another woman, a resident, furnished 
the playground apparatus. The local woman’s club gave furniture 
to the value of $850. 

The following are the expenses from April 1, 1916, to April 1, 1917: 


Sls ths a gn ee be op SR ec ie eth ne BS rae eee $8. 70 
DLS CULT GTN) See R Ae BAe, 2 eee ie PR Ae 42. 35 
UNGIGTTAIC ING Oe Beg tee FA ect tae 55. 57 
VGTOSICIES tc ae 2 Sense 2 Gena eee on cP RP 23. 70 
Vin? O1gG! ii8Y | Cero Deeley tas tar a 2 60. 00 
SUR SITEDS NAVE ee ic eRe a Oa ce ea 145. 16 
LIB BSS Silent rt Sickce> CRE ARI REIN aa Red eee eR 72. 97 
Balan OrplaveTounG teachers. <izjz: -..-. Aecisteie sone ae ae aeio 8 © 900. 00 
Dol OUONE: JANITOR. -o3¢t fs ci sis eisai 1s Hees mete erie cde eee 900. 00 

otalicurrentiexpenses’, (2.22 -)s meen cto ee gene sore 2, 208. 45 
Rehinanenn tm pTOVeMents. 2. -- <0 --. oieemeens ceiscate nee 97.75 

Mal atbhans bl Sake eee a ie. = emeaneallnes eles 2, 306. 20 


The woman’s club pays ali expenses except the salaries of the 
playground teacher and the janitor, which are paid by the donor of 
the building, and receives all income. In one recent year it raised 
$1,600 and expended it all on maintenance and upkeep of grounds. 
It raises money from entertainments, an annual May féte, harvest 
dances, dues, and rentals. 

The building and grounds are owned by a legal corporation called 
the Tamalpais Centre, organized primarily for the purpose of holding 
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title to certain property, and secondarily, to supervise the improve- 
ment and use of the property and the construction of new buildings. 

There are 21 members of the corporation, with no set limit to their 
term of office, and vacancies are filled by vote of the remaining 
members. This corporation, or board of trustees, elects seven 
directors from among its number, who have the management of the 
building. One of the directors, called the dean, was the active 
manager up to 1911, when the woman’s club took charge, at the invi- 
tation of the cpostace. 

Among the organizations using the building at various times are 
the following: 

1. The woman’s club. This organization is pesos for such 
community undertakings as Wild Flower Day, Old Settler’s Day, 
and May Day, held annually, besides the usual club activities. It 
has for some time had a membership of over 200. 

2. The Friendly Circle. This is a club of working men and women 
having 60 members. Its program usually includes games, reading, 
reciting, singing, and dancing. Attached to the circle is a civil gov- 
ernment class for workingmen who are looking forward to American 
citizenship. 

3. The literary dese. This class has studied the Book of Job, 
Shakespeare, Stephen Phillips, Edmund Rostand, and others. | 

4. The playground association. This is composed of teachers of 
the public schools. They meet every Wednesday for a practical 
course in playground work and then carry the idea of supervised play 
into their own school yards. Eight schools send teams to the annual 
May Day contest. The children’s playground work at the Centre has 
been under the trained leadership of a young woman, who, besides the 
regular outdoor work, has three children’s and two women’s gym- 
nasium classes under her charge. Connected with this department, 
under adequate supervision, are the boys’ baseball and basket-ball 
teams. 

5. The driving association. This maintains a half-mile track for 
the speeding of horses, which is open on all days except Sunday. No 
betting is allowed. 

6. The neighborhood Sunday school. The instruction is non- 
sectarian. At Christmas a manger service is held, at which the 
young people from the surrounding villages bring presents for the 
Catholic and Presbyterian orphanages of the county. 

7. The stadium committee. This arranges and has charge of the 
athletic games, meets, etc. 

8. The women’s gymnasium, 
9. The Knights of King Arthur. 

10. The art class. 
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There have also been sewing classes, dancing classes, civil govern- 
ment classes for women, a story hour for children, and a series of 
“‘nleasant Sunday afternoons.” 

The building has been used by the high school for class dances and 
by the Catholic and Episcopal churches for fairs. 

The largest gathering is the annual May féte. At one of these 
celebrations there were 6,000 present and more than 100 track, field, 
and platform events were participated in by the boys and girls of the 


county. 


Other events staged at the Centre are: Folk dances, military drills, 
dramatic entertainments, tennis games and meets, harvest festivals, 


Fig. 11.—Tamalpais Centre, Kentfield, Calif., Maypole dance. 


Arbor Day celebrations, banquets, children’s Christmas parties, and 
meetings of the queens of aviation, the community choral association, 
and the civic association. 

In 1918 a dehydration plant was presented to the Centre, and 
extensive work was carried on along the line of community drying 
and conserving of fruit. 


AMUSEMENT HALL, WARE SHOALS, S. C. 


A recent development in modern industrial relations is the increas- 
ing number of business concerns making contributions for social- 
center buildings for the community, with special rooms and facilities 
arranged for the recreation of their employees. 
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Ware Shoals is a town of 2,000 inhabitants, nearly all of whom are 


connected in some way with the local cotton mill. The corporation - 


owns all the land on which the town is situated. Certain local 
officials, such as magistrates and constables, are paid jointly by the 
company and the county. 

The main purpose of the building, as stated by the mill company, 
was to provide a place of recreation and amusement for their employ- 
ees, as it was felt that if there was a building in which could be cen- 
tered the educational, physical, and moral forces of the community 


they would be able to secure and keep a better class of help. A 


secondary purpose was the provision of a specific and adequate place 
which would serve as a center for the educational work carried on 
among the employees at night. At the same time the building 


Fic. 12.—Amusement hall, Ware Shoals, 8. C. 


would serve as a social center for various local organizations of the 
town. 

An association was formed, open to all men and boys of the town, 
upon payment of stated dues, whether employees of the mill or not. 

A recreation building of the most modern type was financed by the 
company in 1912 at a cost of $35,000. Furnishings which cost 
$5,000 were provided by the company and the association. 

The building is run by the association. The corporation brought 
about the organization of the association, which, to all intents and 
purposes, is self-governing, though in the final analysis, ultimate 
control rests with the corporation. The association is managed by a 
board of nine directors, first elected by a mass meeting of citizens. 
Vacancies occurring thereafter are filled by the vote of the board 
itself. The actual supervision of the building is by the general 
secretary. The board meets monthly to receive the secretary’s 
report, make recommendations, etc. 
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The personnel of the building includes a general secretary, a physical 
director and two assistants, a moving-picture operator, and a janitor. 
The corporation pays the salary of the general secretary. The heat, 
light, water, and sewage systems are a part of the general system 
maintained by the corporation. About $55 per month would cover 
the expense pertaining to the building incurred by the corporation for 
this purpose. A few other light expenses are met by the corporation. 
The annual budget of the association is about $6,000, including (a) 
salaries; those of the physical director and the first and second assist- 
ants are fixed and total $2,200 per year; the moving-picture operator 
is paid per evening, and (b) general expenses, which include support 
for town religious and welfare work, for various scholarships, for local 
athletic teams, and for certain State, religious, and welfare work. 


Fic. 13.—Amusement hall, Ware Shoals, S. C., reading room. 


The association budget expenses are covered by membership fees, 
moving-picture receipts, billiard and bowling receipts, towel rentals, 
fees for admission to athletic games, receipts from home-talent plays, 
and some donations. Association dues are fixed at $3 per annum for 
men and $1.50 per annum for boys. 

The building is of two stories with basement, and the dimensions 
are 60 by 150 feet. The upper story contains a women’s rest room, 
a kitchen, a pantry, a banquet hall, a lodge room, lodge paraphernalia 
rooms, and two toilets. The lower story contains the secretary’s 
office, a writing room, a reading room, two billiard rooms, an audi- 
torlum with stage, two dressing rooms, a moving-picture room, and 
three toilets. The basement contains two bowling alleys, a boys’ 
game room, a well-equipped gymnasium, a locker room with 128. 
lockers, a multiple-bath room, various toilets, and a boiler room. - 
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While the building is primarily for men and boys, there is a regular 


place in the gymnasium schedule for the women’s classes and also a 


weekly “ladies’ night.” Various organizations of women and girls, 
such as the Camp ‘Fire Girls and the tomato club, use the building 
reeularly. Both men and women take part in all the social activities, 
such as entertainments, plays, lyceums, spelling bees, moving pictures, 
and banquets, as well as the religious work. The women of the town 
and country have exclusive use of the rest room, while the school 
children have the use of the gymnasium, under the physical director 
one afternoon each week. 


Included in the equipment of the building is a moving-picture ma- - 
chine, which is used weekly for entertainments. ‘The association se-_ 


Fig. 14.—Amusement hall, Ware Shoals, S. C., the Audubon Bird Club. 


cures its films, mainly of an educational nature, from various private 
exchanges. 

Outdoor athletics are emphasized, such as_ baseball, basket. ball, 
volley ball, tennis, and playground activities. 

Night-school work is for all, whether members of ine dguoeecion or 
not. There are four so selena. and the work is partly supported by 
the State and partly by the mill company. — 

Three fraternal lodges meet in the building and have special para _ 
phernalia rooms, which were included for this purpose i in the original 
plans of the building. 


DIXON TOWNSHIP BUILDING, ARGONIA, KANS. 


The Dixon Township Building of Argonia, Kans., is worthy ce ee 
as being an attempt to unite the interests and aspirations of the 
farming communities with those of the trading center, with the town- 
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ship as a unit, through a common building designed to serve for large 
public gatherings, such as farmers’ institutes, union church services, 
high-school entertainments, and for township offices. 

The financing of a township building was recently made practicable 
by aspecial act of the Kansas State Legislature permitting townships 
to vote bonds for the construction of such buildings to the amount 
of $5,000.! 

The library association, the farmers’ institute, and the schools had 
formerly worked for a social-center building, but without success. In 
compliance with the provisions of the new law a petition was placed 
before the township board, signed by 25 per cent of the voters, re- 
questing that the bond question be submitted to vote. As a result, 
a building was erected in 1916 by the township board, at a cost of 
$6,809, including $1,809 from general funds. 

The total cost may be itemized as follows: 


Scant cl paeene ae aee reese ee 2c Ae Ste DRL eee $500 
Building 
Wa terials t4-) ears 2 Sie 5. 1 23 ee eae $2, 589 
Walporis. ais. 2a.) Sc Be pment AES een Sooke 1, 920 
4, 509 
RMS Hid ra eS akaeee Pel eyes ai eteraere cvs tsls Sia Spee Smee 1, 800 
Mo talboumblaive sare. ese mrecet interns cere ee ok tes cee sec (0, SOY) 


The chief maintenance expenses are those connected with light, 
heat, and repairs. There is no regular janitor, and the building is 
cared for largely by the organizations using it. Expenses are met 
chiefly by rentals, which are $3 per night for each entertainment. 

The building is 50 by 90 feet and is made of brick, with a cement 
foundation, and with metal ceilings and plastered walls inside. 

The largest room is the auditorium with 600 chairs on a floor which 
has an incline of about 1 inch to the foot. It is furnished with a 


‘piano and is lighted by six 150-candlepower lamps and four 100- 


candlepower lamps. 

At the front of the auditorium is a stage 20 by 24 feet, with an 
opening 12 feet high. The stage has five drop curtains, six wing 
curtains, and a curtain for moving pictures. At either side of the 
stage is a dressing room 8 by 10 feet. At the rear of the auditorium 
is a gallery 12 by 48 feet, seating 175 people. Underneath the gal- 
lery are the library room and the township officials’ room, separated 
by an entrance hall leading from the front door to the auditorium. 

The library is 15 by 17 feet and is furnished with chairs, writing 
desks, and magazine tables, and with bookcases containing 600 volumes. 

The officials’ room is 15 by 20 feet and contains office furniture, 
the township records, a safe, a stove, and a telephone. In this room 
also is a ticket window, from which tickets to the various entertain- 
ments are sold. 


1 See Laws (State of Kansas), chapter 118, section 9560, as amended by chapter 332, Laws of 1911. 
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The main floor is of wood, but between the front row of opera 
chairs and the stage is a strip of cement floor 15 feet wide and extend- 
ing across the building. At either end of this strip is a large double 
door through which farm stock is brought onto the cement floor, 
there to be judged at stock shows or fairs, before the public. The 
basement contains two rooms with cement floors, each 20 by 50 feet, 
and a furnace room, 12 by 14 feet. The building has running water 
and is heated by hot air. 


The building was planned by the township board in consultation 


with the local builder. Labor was hired by the day and material 
bought direct from the retailer. It is in general charge of the board 
and directly managed by the township trustee, who maintains an 
office in the building. 


Fig. 15.—Dixon Township building, Argonia, Kans. 


Among the activities for which it has been used are: Union revival 
meetings, lyceum course, community lecture course given by the State 
college of agriculture, community Christmas program, pageants, 
high school plays, glee-club entertainments, farmers’ short course 
given by the State college of agriculture, farmers’ institute, and fairs 
and stock shows. It is the regular meeting place of the Farmers’ 
Union, the commercial club, the library board, the township board, 
and various other township and village organizations. It serves a 
population of 950 people, about equally divided between the village 
and the surrounding farms. 


REMBRANT COMMUNITY BUILDING, WOODSTOCK, TENN. 


Communities which are organized for social and civic betterment 
often realize that a community building would greatly facilitate 


RURAL COMMUNITY BUILDINGS. 31 


their work, but feel that since they can not command extensive funds 
they can not have such a building. While it is true that a com- 
modious building with various rooms for different purposes, provided 
with convenient furniture and different lines of useful equipment, is 
a great aid to a community organization, it is surprising how much 
can be accomplished in the way of a building with slight financial 
resources. 

Two problems faced the people of Woodstock, living in the open 
country, far from town or railway, in Shelby County, Tenn. They 
were animated by a strong desire for the betterment of community 
life. A cooperative club had been formed, but there was no ade- 
quate meeting place, no building whose arrangement would lend itself 
to the successful carrying out of their plans. Moreover, these farm- 
ing people could not command funds sufficient for the erection of such 
a building. 

The second problem was what to do with their two-room school- 
house, abandoned through consolidation, the pupils being trans- 
ported several miles now to the new building. The schoolhouse, old 
and dilapidated, had been used as a gypsy camp, and the school 
authorities had offered it for sale for $200. 

Both problems were soon solved by the decision of the club to 
secure control of the old building, and to reconstruct and equip it as 
their social center home. 

The club had fixed as its purpose ‘‘the betterment of community 
life from the social, educational, and economic standpoint,” and had 
planned an ambitious but practical program for its accomplishment. 
It had enrolled practically every person in the neighborhood over 
16 years of age, elected the usual officers, together with a board of 
six directors, who were given charge of the carrying out of the build- 
ing plans, and appointed committees on sanitation, education, civic 
beautification, and recreation. 

After the proper guaranty of its future use for civic welfare, the 
county school officials were induced to give an indefinite lease of the 
grounds and building to the cooperative club, the county retaining 
title. Then began a fine example of community cooperation in public 
work. The grounds, 2 acres in extent, were put in condition and 
the building reconstructed, entirely through voluntary effort. Some 
gave lumber, some labor, some material, and some equipment. AL 
took part. While the men were working on the building the women 
were preparing and serving lunches. 

The club realized the value of a pleasant approach and beautiful 
setting for theirhome. Approaching roads were laid out, the grounds 
were leveled and drained, trees, both useful and ornamental, were 
planted; weeds were destroyed, and gravel walks were made, leading 


Im various directions. At the front of the house beds of fragrant 


flowers were planted. 
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As an aid to their future club work in experimental agriculture, 
the vacant space in the rear was planted to vegetables and berries. 
In connection with this a well was dug and a pump installed. 

The building was neatly painted without and within, rugs, shades, 
and curtains placed, floors waxed, and the walls hung with appropriate 
pictures. A stage was provided for entertainments and local plays. 

The furniture installed included a number of easy chairs, 24 folding 
chairs, a library table, bookcases, a heating stove, an oil stove, 4 
dining tables, a kitchen cabinet, china and glassware, cutlery, and 
Lichen iencile: 

-No direct money contributions were solicited. Entertainments, 
suppers, sales, and ice-cream, socials provided considerable cash. 
Much Gaetan was donated. A ‘‘parcel-post sale” provided 
sufficient funds to purchase a phonograph. A ‘‘good-book week”’ 
resulted in various contributions to the library. A ‘‘china shower” 
furnished the necessary dishes. 

The building is of cottage form, one story high, and is provided 
with an entrance hall, 8 by 20 feet, used also as a library and reading 
room; an assembly hall 21 by 40 co with stage; and a dining room 
and eben of the same size. 

The plant is valued at $2,200 and is a signal monument to commun- 
ity spirit and practical neighborhood cooperation, and a fine example 
of what may be accomplished in a rural community of limited oo 
resources. 

On July 4, 1916, a happy and contented neighborhood ballieted 
in the building to dedicate the fruits of their united labors with an 
appropriate ‘‘sunset celebration,” since which time the building has 
been in almost continuous use. 

Not only was the building reconstructed and equipped without 
financial contributions, but it is maintained and the work carried on 
in it by a club without dues or membership fees. Wood, coal, 
janitor service, and repairs are voluntarily contributed or provided 
for by receipts from entertainments. 

Besides the ordinary social activities are sanded agricultural 
meetings, canning and cooking demonstrations, sewing, classes in 
rug and basket weaving, floral exhibits, book and magazine ex- 
changes, waste-paper sales, quilting parties, garden contests, com- 
munity, county, and tri-State fair exhibits, barbecues, community _ 
singing, and the celebration of national holiday 

If the value to the neighborhood of a community building is to 
be estimated by the uses to which it is put and the needs which it 
satisfies, then this study would indicate that the community building 
as a general rule must be accorded a high place. Not all communities 
which own them are awake as yet to their potential possibilities, but 
there are enough examples of efficient use combined with far-reaching 
plans to warrant the conclusion that they will prove to be effective 
instruments in the improvement of rural social conditions. 
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Fig. 16.—Rembrant community building, Woodstock, Tenn. 


Fig..17.—Rembrant community building, Woodstock, Tenn., parlor (used also as assembly hall). 
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COMMUNITY BUILDINGS STUDIED, CLASSIFIED ACCORDING TO POPULATION OF PLACE 
IN WHICH LOCATED. 


’ Number of 
Population. : buildings. 
Open country.-..---- oss 435s 83 
Thess pth 00s cee Pe | 58 
SOOO AOD We ee eee ee emesis 21 
ARC) TOA Dass 6 ao Bea ee eee 14 
TS OOMOrZ O00 Rea seater 14 
20003082. 000 Reet ee Aeros. Ss 11 
2 S00RtOrS OOD Resa os ee eens: 5 5 
S OOOO. O00 Seek a sees So 9 
ALO0O tora QO0 Ree a neee ne ater: cos: 3 
DLOOO MOFO OOO Be ee sey oi 3 


Number of 

Population. buildings. 
6; 000;t0 S000 Ee Sern, ane aeere 3 
1; 0002t0?8: 000 ae ee a ose ee ree if 
85000: 10:9; O00 2e ae soe separa 3 
10000 COS {000 eae eae 12 
A O00 02205 OO Ree ee ee ee 4 
20: 000105257000 See ee eee cee 3 
20,000 0:3 050002 = ee ee ee 2 
More than) 30;000 32 ene sa eee 1 
Total pik Se Be ee cis 256 


A LIST OF COMMUNITY BUILDINGS SELECTED FROM THOSE VISITED OR 
STUDIED THROUGH CORRESPONDENCE. 


Arizona: 
Madison.—P. O., Phoenix. Improve- 
ment Club Building. 
Roosevelt District.—P. O., Phoenix. 


Neighborhood House. 
Somerton.—Woman’s Club and Com- 
munity Building. 
Snowflake.—Social Hall. 
Arkansas: 
Scott.—Union Ladies’ Aid Society and 
Community Building. 


California: 

Blue Lake.—Civic Center. 

Bogue.—P. O:, Yuba City. Bogue 
Hall. 

Kentfield.—Tamalpais Centre Build- 
ing. 

La oles 

Mt. George.—P. O., Napa. Farm Cen- 
ter Building. 


Santa Barbara.—Recreation Building. 
Connecticut: 

Bethel.—Church House. 

Bolton.—Bolton Hall. 


Bushby Hill.—P. O., Simsbury. 
Neighborhood House. 

Gilead.—P. O., Andover. Gilead Hall. 

Glastonbury. — Williams Memorial 
Building. : 


Weatogue. Neighborhood House. 
Delaware: 
Henry Clay Factory.—Hagley Com- 
munity House. 
Florida: 


Poison —Community Gymnasium. 
Illinois: 

Brimfield. 

Kenilworth.—Assembly Hall. 

McLean. 

Oregon. 

Bag: Park.—Improvement Club Build- 
ing. 

River. Forest. —P. O., Oak Park. 
Woman’s Club and Community 
Building. 

Winnetka.—Community House. 


Indiana: 

Advance. 

Darlington. 

La Porte—Women’s Building. 

New Market. 

Seymour.—Farmers’ Club Building. 

Towa: 

Dexter. 

Lincoln Township.—P. O. Clinton. 
Ladies’ Mutual Benefit. Association 
Building. 

Logan.—Agricultural 
sociation . Building. 

Pocahontas.—Lincoln Parish Hall. 

Stuart. 

Kansas: 

Argonia.—Dixon Township Building. 

Asherville.—Community Hall. 

Coldwater. 

Gardner.—Westminister Hall. 

Geneva.—Community Hall. 

*Junction City. 

*Leavenworth. 

*Manhattan. 

Mankato.—Y. M. C. A. and Community 
Building. 


Extension As- 


Marysville. 

Potwin. 

Russell.—Community Hall. 
Louisiana: 


Bogalusa.—Y. M. C. A. and Community 
Building. 
Longacre. Pope O. De Ridder. 
Maine: 


Exeter Mills.—P. O., Exeter. Exeter 
Mills Hall. 
Glen Cove.—P. O., Rockport. Social 


Center Building. 
Seal Harbor.—Neighborhood Hall. 
Steuben.—Parish House and Library. 
Massachusetts: 
Belchertown. 
Greendale.—P. O., Worcester. 
provement Society Hall. 
Holden.—Holden Community House. 
Millington.—Moore Hall. 
Milton.—Cunningham Gymnasium and 
Recreation Park. 


Im- 


* Owned locally and operated by the National War Camp Community Service. 


Massachusetts—Continued. 
Montague City.—Library Hall. 
Norwood.—Norwood Civic Association 
Club House. 
Peabody.—Community House. 
Pelham.—P. O., Amherst. Neighbor- 
hood Hall. 
Scituate.—Allen Memorial Library. 
South Ashburnham.—Club House. 
} Three Rivers.—Pickering Hall. 
4 Michigan: 
*Camp Custer.—P. O., Battle Creek. 
Roosevelt Community Building. 
Centerville.—Community Play House. 
Midland. 
Reed City. 
St. Helen.—Township Hall. 
Scottville—Community Hall. 
4 Sand Lake.—Sand Lake Auditorium. 
Minnesota: 
: 
; 


East Castle Rock.—P. O., Castle Rock. 
East Castle Rock Country Club Hall. 
Eden Township.—P. O., Pipestone. 

: Harmony Hall. 

4 Eveleth.—Recreation Building. 
Hendrum.—Hendrum Auditorium. 
Tronton.—Village Hall. 
Minnewashta.—P. O., St. Bonifacius. 

Minnewashta Improvement Club 
Hall. 

Northfield. 

Red River Township.—P. O., Hallock. 
Community Hall. 

St. Cloud.—St. Cloud Institute. 

Sleepy Eye.—R. F. D., Jolly Boosters’ 
Club House. 

Stately Township.—P. O., Comfrey. 
Farmers’ Club Bujiding. 

Sveadahl.—Luther Hall. 

Tamarack.—Farmers’ Club Hall. 

Wheaton. 

Nississip pi; : 
Tupelo.—Cotton Mills Club Building. 

Missouri: 
Ashland.—Church Community Build- 

= ing. 

Union Hall District—P. O., Atlanta. 

Fenton.—Farmers’ Club Building. 

Lee’s Summit.—The B. O. Club Build- 
ing. 

Montana: 

Fairfield.—Community Hall. 

Little Jewel.—Club Building. 

_ Menard.—Community Hall. 

Orchard Homes.—P. O., Missoula. 
Orchard Homes Country Life Club 
Building. 

-Plentywood.—Progressive 
Club Hall. 

Sioux Pass.—Sioux Pass Hall. 

Wibaux.—Community House. 

Willard.—Willard Hall. 

Nebraska: 

Elgin. 


Farmers’ 
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_ New Hampshire: 

Dover.—Lothrop Memorial Hall. 

Lebanon. 

Meredith Neck.—P. O., Meredith. 
Meredith Neck Farmers’ Association 
Club House. 

Swanzey.—Community House. 

New Jersey: 

Bogota.—Community House. 

Oceanic.—Parish House and Commu- 
nity Building. 

New Mexico: 

Albuquergque.—Commercial Club 
Building. 

New York: 

Chateaugay.—Town Hall. 

Chatham.—Morris Memorial Building. 

Endicott.—Ideal Home. 

Glen Cove.—Neighborhood House. 

Hoosick Falls.—Neighborhood House. 

Johnson City.—‘‘ Your Home”-Johnson 
City Library. 

Lawyersville—Community House. 

Loudonville.—Loudon Hall. 

Locust Valley.—Matinecock Neighbor- 
hood House. 

Milton. 

Newark.—Newark Gymnasium. 

Owego.—Social Center Building. 

Pawling.—Aiken Hall. 

Philmont.—Crusader Hall. 

Pleasant Valley.—Pleasant Valley Free 
Library and Community Building. 

Rhinecliff—Memorial Building. 

Riverside.—P. O., New York. War 
Camp Community Service Building. 

Roslyn.—Neighborhood House. 

Wesley Chapel Center.—P. O., Suffern, 
Community Club House. 

Westbury.—Westbury Parish Hall. 

North Carolina: 

Albemarle-—Community House. 

Mocksville. 

Salisbury. 

North Dakota: 

Kensal, R. F. D.—McKinley Farmers’ 

Association Hall. 
Ohio: 

Kinsman.—Library and Community 
Building. 

Lebanon.—Harmon Hall. 

Mad River Township—P. O., Dayton. 
Improvement Association Building. 

Oklahoma: 

Sooner.—P. O., Oklahoma City. Union 

Church and Community Building. 
Oregon: 

Garfield.—P. O., Estacada. Country 
Club. 

George.—P. O., Estacada. Social and 
Commercial Club Building. 

Plymouth.—P. O., Corvallis. Church 
Community Building. 


-* Owned locally and operated by the National War Camp Community Service. 
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Pennsylvania: Virgunia: 
Butler. Carrollton.—Community Hall. 


Huntingdon. 
. McClellandtown.—Christian Brother- 
hood Building. 
Newfoundland. 
Washington. 
Rhode Island: 
Cumberland.—P. O., Ashton. . Parish 
House. 
South Carolina: 
Saxon Mills.—P. O., Spartanburg. 
Ware Shoals.—Recreation Building. 
South Dakota: 
Byron.—P. O., Pierre. Byron Club 
House. 
Tennessee: 
Cuba.—P. O., Kerrville. West Union 
Community Building. 
Woodstock.—P. O., Memphis. Rem- 
brant Community Building. 
Texas: 
Bay View—P. O., Palacios. Bay View 
* Community House. 
Danevang.—Danevang Meeting House. 
Groesheck.—American Leng Chapter 
House. 
Utah: 
Hyrum.—Social Hall. 
Timpanogas.—P. O., Provo. Amuse- 
ment Hall. 
Vermont: 
Proctor.—Proctor Free Library. 
Randolph.—Chandler Music Hall. 
Rutland.—Community House. 
St. Albans.—Stannard Memorial Build- 


ing. 
Wilder.—Library and 


Community 
Building. 


Carrsville.—Carrsville Hall. 

Long Dale, R. F. D —Long Dale 
Union Chapel. 

Washington: 

Bethany.—P. 0O., Sunnyside. Com- 
munity Hall. 

Snoqualmie.—Gymnasium. 

Wisconsin: 

Bloomfield.—P. O., Lake Geneva. 
Bloomfield Township Hall. 

Brush Creek.—P. O., Ontario. Brush 
Creek Temperance Hall. 

Burke.—P: O., Madison. Township 
Hall. 

Como.—P. O., Lake Geneva. Geneva 
Township Hall. 

Fairfield Township.—P. O. Baraboo. 
Fairfield Township Hall. 

Green Bay.—Woman’s Building. 

Honey Creek.—People’s Hall. 

Mineral Point. —Municipal Building. 

Nashotah.—Men’s Club Hall. 

Oconto.—Community House. 

Pigeon Creek.—P. O., Pigeon Falls. 
Lutheran Young People’ s Society 
Hall. 

Richland Center.—Richland Center 
Municipal Building. : 

St. Croix Falls.—Municipal Building. 

Sheboygan.—James H. Mead Club 
Building. 

Spring Vatiey! —Village Hall. 

Zenda.—Linn Township Hall. 

Wyoming: 

Powell, R. F. D.—North End Com- 

munity Building. 


NotE.—Buildings not particularly identified are commonly known as “the community building.” 
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